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PREFACE 

In the present volume, dealing with the Chemical Technology of 

the Textile Fibres (except as concerns the dye-stuffs, which will be 

treated in a separate work), the author has been obliged to con- 

dense the available matter as much as possible, in order to preserve 

the form of a text-book. 

Nevertheless, it seemed necessary, in certain cases, in the 

interests of the book, to give definite data and an exact description 

of individual processes. In such instances the details have been 

gathered exclusively either from the author’s personal experience 

or from reliable sources. 

The most important part of the book is the chapter treating of 

dyeing, whilst, on the other hand, the subject of printing had to 

be dealt with in a more general fashion, the materials being less 

suitable for treatment in text-book style. 

The author thinks it desirable to point out that in the present 

work an attempt has been made to completely separate the chemical 

and mechanical technology of the subject, a standpoint he considers 

justified by the extensive area occupied by each of these branches. 

Hence only a few sketches of apparatus have been given; and the 

methods of dressing the finished goods have been described very 

briefly, since they almost entirely belong to the domain of mechanical 

technology. 
The author is indebted to Prof. J. Zipser for the whole of the 

sketches given, and to Mr. C. Schimke, teacher of dyeing at the 

Royal State Trade School, Bielitz, for much assistance in the pro- 

duction of the book. .s 

GEORG VON GEORGIEVICS 

104591 
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CHAPTER I 

THE TEXTILE FIBRES 

HE name textile fibres applies to such structures as, in con- 
sequence of their physical properties, are capable of being 

spun and worked up into textile fabrics. -These fibres are supplied 
by all three natural kingdoms, pnd a few of them are also prepared 
artificially. a 

Although nearly a thousand stextile fibres are known, only 
a few of them are of real interest. These are cotton, wool, and 
silk, followed by flax, jute, ramie and hemp, in a minor degree. 

They are divided into four groups :— 

1. Artificial fibres. 

2. Mineral fibres. 

3. Vegetable fibres. 
4. Animal fibres. 

1. ARTIFICIAL FIBRES, 

To this series belong spun glass, metal thread, slag wool, and 
artificial silk. 

Spun Glass.—When a glass rod is heated in the flame until 
perfectly soft, it can be drawn out in the form of very fine threads, 
which are used to a small extent in the production of very hand- 
some silky fabrics (cravats, etc.) As spun glass can also be pro- 
duced from coloured glass, the same method can be applied to the 
production of coloured fabrics. In consequence, however, of the 
low elasticity of these products, their practical value is nz. 

For many chemical purposes, ¢.g. as filtering material for strongly 
acid liquids, a curly kind of glass wool is produced by drawing 
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out two glass rods of different degrees of hardness to a capillary 
double thread. On cooling, these curl up in consequence of the 
different construction of the two constituent threads. 

Metallic Threads.—From time immemorial fine golden silver 
threads, as well as silver gilt and silver threads or copper wires, 
have been used for decorating particularly rich fabrics. Thus 
the so-called Cyprian gold thread, so renowned for its beauty 
and permanence in the Middle Ages, is now produced by covering 
flax or hemp threads with a gilt skin. 

Slag Wool.—Molten slag is run into a pan fitted with a steam 
injector, which blows the slag into fibre and furnishes a product 
which is used to a small extent as a packing material. 

Artificial Silk.—This product, which is the most interesting of 
all the artificial fibres, will be described along with Cellulose. 

2. MINERAL FIBRES, 

To these belong Asbestos. This is a decomposition product 
of serpentine, and is, chemically speaking, a silicate of mag- 
nesium and lime, containing in addition iron and alumina. It 
is found in Savoy, the Pyrenees, Corsica, Mount St. Gothard, 

etc., and large deposits have recently been discovered in northern 
Italy and Canada. 

Asbestos forms long, white, glassy fibres; some kinds, however, 
eg. Canadian, are somewhat curly. Alone it is difficult to spin, 
and is therefore mixed with a little cotton, which is subsequently 
got rid of by heating the finished fabric to incandescence. Asbestos 
fabrics of this kind are generally used where exposure to high 
temperature is necessary, ¢g. for packing steam cylinders and hot 

_ machine parts, also as a fire-proof material in the manufacture of 
numerous theatrical requisites, etc. Asbestos is difficult to dye; 
for this purpose the albumen dyes and substantive dyes are used. 

3. VEGETABLE FIBRES, 

These are supplied in large numbers by the vegetable king- 
dom. They are divided into three classes:—(a) Seed hairs. 
These comprise cotton, the whole of the cotton tree, vegetable 

silk, etc. (b) Bast fibres, forming the cambium layer of dicotyle- 
donous plants, eg. flax, hemp, jute, ramie, Sunn hemp, ete. 
(c) The vascular bundles from leaves, stems, or roots of mono- 

cotyledonous plants, eg. New Zealand hemp, Pite or Agave fibre, 
Tillandsia, pineapple fibre, Manila hemp, true aloe fibre, etc. ete. 
Vegetable fibres contain cellulose as their fundamental substance, 
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in addition to which they are (or at least some of them) more or 
less lignified. The larger the proportion of woody matter they 
contain, the greater their brittleness. Finally, they also contain 
in their cells and interstices so-called encrusting materials (ethereal 
oils, resins, starch, colouring matter, etc.), and ash. 

Cellulose. 

As this substance forms the main constituent of all vegetable 
fibres, a knowledge of its chemical behaviour is of great practical 
importance. The vegetable fibres, even when in a pure state, 
do not behave entirely alike towards chemical reagents. Thus, 
for example, cotton has a greater power of resistance to bleaching 
powder solution than flax. The name Cellulose must therefore be 
considered as a generic term applying to several bodies of very 
similar nature. Cellulose is a colourless, inodorous, and tasteless 

substance (sp. gr., 1:27 to 1°45), which is insoluble in ordinary 
solvents. It belongs to the carbohydrates, and its percentage 
composition is expressed by the formula €,H,,0;, though its true 
formula is certainly a multiple of this. 

Starch is the most closely allied carbohydrate, and may also 
be regarded as the parent substance of cellulose. Little is definitely 
known with regard to its actual constitution; it is spoken of as 
a triatomic alcohol, since when heated with acetic anhydride it 
furnishes a triacetyl derivative which with potash, soda, lead, oxide, 

etc. forms loose saline compounds which behave like alcoholates. 
More recently, however, a triacetylmonobenzoate and a tetraben- 

zoate have been formed, from which the presence of four hydroxyl 
groups may be deduced. 

Pure cellulose is almost indestructible and can only be brought 
into a state of putrefaction in the presence of nitrogenous bodies. 
When heated it begins to turn brown at about 150° C.; when 
subjected to dry distillation it decomposes into water, CO,, methane, 

ethane, methyl! alcohol, acetic acid, pyrocatechin, etc. Furthermore, 

cellulose is a hygroscopic substance which cannot easily be brought 
to constant weight by drying. In water it is insoluble and is 
unchanged even by boiling for several hours; however, at 200° ©. 

it dissolves in water, being itself completely decomposed. 
Of greater practical importance is its behaviour towards acids 

and alkalis. 
It resists very dilute mineral acids, but is decomposed and dis- 

solved at ordinary temperatures by concentrated acids, ¢.g. a mixture 

of 1 part sulphuric acid and 3 parts water. 

1 A monograph on Cellulose has been published by Cross, Bevan, and Beadle. 
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By moderately concentrated acids it is modified, the phenomenon 
being regarded as one of hydration (mC,H,,O,+nH,0). The result- 
ing product hydrocellulose, which has the same chemical com- 
position as glucose, is a pulverulent amorphous substance of some 
practical importance, being the cause of the rotting of acidified 
vegetable fabrics. On the formation of this substance is also based 
a method known as carbonising wool, whereby vegetable constituents 
present in wool are converted by the action of heat and sulphuric 
acid into hydrocellulose, which latter, being friable, is then easily 

eliminated by mechanical means. Finally, the same phenomenon 
(the formation of hydrocellulose) is the basis of the peculiar altera- 
tion sustained by paper when treated for a short time with fairly 
concentrated sulphuric acid, namely, a kind of superficial fusion of 
the cell walls of the fibre, whereby the paper acquires the same 
external appearance as animal parchment. This paper is therefore 
known as vegetable parchment, and can be used for the same 
purposes as true parchment. 

Whereas cellulose is left unstained by iodine, this reagent turns 
vegetable parchment blue, like hydrocellulose in general. 

Organic acids, like oxalic acid, tartaric acid, citric acid, act upon 

cellulose in the same way as mineral acids, when the cellulose, e.g. 
cotton, is impregnated with the dissolved acid and exposed to a 
high temperature; acetic acid, being volatilised by heat, has no 
action. The knowledge of this behaviour of cellulose is important, 

more particularly in the calico-printing industry. 
Zinc chloride acts on cellulose like a mineral acid. The 

behaviour of cellulose towards nitric acid is important. When 
boiled with nitric acid of about 60 per cent. strength, cellulose is 
converted into oxycellulose. This oxidation product has a much 
greater affinity than cellulose for basic dye-stuffs, and is also of 
technical importance inasmuch as it is also formed by the action of 
other oxidising agents on cellulose,—for instance, when bleaching 
powder is carelessly used in bleaching cotton. 

When concentrated nitric acid is allowed to act on cellulose, 

especially in presence of concentrated sulphuric acid, nitrogenous 
bodies are formed, which may be regarded as di-, tri-, tetra-, etc. 

nitrates of hydrocellulose, according to the conditions of the reaction. 
These substances are insoluble in water and alcohol, but are soluble 

e.g. in a mixture of alcohol and ether; the dissolved nitro groups 
can be separated again by treatment in various ways (see Artificial 
Silk). 

The nitrocelluloses have been put to various interesting technical 
uses, ¢.g. hexanitrocellulose, which was discovered by Schonbein in 
1847, and was by him termed gun cotton. Owing to its property 
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of decomposing in an explosive manner when heated—water, nitrogen, 
carbon monoxide and carbon dioxide being formed—this substance 
has of late years been employed as an explosive and in the manu- 
facture of smokeless powder. In addition to cotton, nitrocellulose 
is also prepared from jute and starch, which latter is closely allied 
to cellulose. 

A material known as celluloid is prepared from the lower nitro 
products by dissolving them in molten camphor and pressing the 
mass while warm. ‘This substance has a horny appearance, and is 
characterised by hardness, elasticity, transparency, and principally 
by the fact that when merely dipped in boiling water it acquires 
sufficient elasticity to enable it to be moulded into any shape under 
moderate pressure. In consequence of these valuablé properties, 
celluloid is now largely used in the production of a large number of 
imitation articles, ¢.g. ivory, tortoiseshell, coral, collars, etc. 

Finally, octonitrocellulose and other nitrocelluloses can be con- 
verted into so-called artificial silk, also known as Chardonnet silk, 

after its inventor. On dissolving nitrocellulose in alcohol-ether, a 
solution is obtained which has long been known and used under 
the name of “collodion.” If this be forced through capillary tubes it 
forms very fine threads, to which a handsome silky appearance can 
be imparted by various mechanical processes. In order to fit this 
product for use as a textile fibre it must be deprived of its explosive 
properties, a result obtained by denitration, the threads being treated 
with various reagents, chiefly ammonium sulphide. This deprives 
them of a large proportion of their nitrogen, and leaves them not 
more inflammable than ordinary cotton. The first patent for the 
manufacture of artificial silk was taken out in 1855, but the 

material was first made known at the Paris Exhibition of 1889. 
More recently a company (La France) has been formed in Besancon, 
with a capital of six million frances, for working the Chardonnet 
patents. The modus operandi is as follows :—Loose wood pulp is 
disintegrated in a carding machine, so as to form a light and very 
bulky fleece like that furnished by waste cotton; this is dried by 
steam at 140° to 160° C., and the hot mass is immersed in a 

mixture of concentrated nitric and sulphuric acid, the operation 
being performed in earthenware vessels. The resulting nitro- 

* cellulose is centrifugalised, washed until it contains only about 
10 per cent. of acid, and is then removed in small trucks, running 

on wooden rails, to the drying room—which must be at least fifty 
yards away from the factory—and is there dried at 30° C., great 
care being taken on account of the danger of explosion. The dried 
nitrocellulose is placed in iron pans on the same trucks and conveyed 
to the dissolving vats, containing equal parts of alcchol and ether, 
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the quantity placed in the vats being regulated so as to secure a 
20 per cent. solution of nitrocellulose. The resulting collodion is 
filtered through silk sieves and wadding in closed vessels, and then 
forced by an air-pump into a spinning apparatus, consisting of two 
horizontal parallel tubes fitted with a number of nozzles. In the 
one pipe through which the collodion flows these nozzles are made 
of glass, with a fine capillary bore through which threads of collodion 
appear. Each thread is immediately encountered by a very fine 
stream of water, delivered by a corresponding nozzle of a second or 

water-pipe, and descends into a water-trough, where it sets hard. 

From four to twelve of these threads are then united by a so-called 
collector, whereupon they immediately coalesce, and are then 
mechanically wound upon bobbins situated about twenty inches 
above the spinning apparatus. The alcohol of the collodion 
remains in the cooling water, whilst the ether volatilises, its heavy 
vapour falling into the water-trough under the spinning apparatus, 
and having to be removed therefrom by an aspirator. The further 
treatment of the threads is similar to that employed for natural 
silk; they are twisted and wound into hanks. Finally, the hanks 
are denitrated by immersion in a warm (30° C.) solution of 
ammonium sulphide, which, in about an hour, deprives them of 
75 per cent. of their nitrogen; they are then rapidly immersed in 
a large volume of water, followed by water slightly acidified with 
nitric acid; finally they are wrung and dried at the ordinary 
temperature. The denitration process causes the silk to lose 
40 per cent. in weight, which, however, can be replaced by 
impregnation with ammonium phosphate, this treatment also 
reducing its inflammability. : 

As may be seen from the preceding brief sketch, the manufac- 
ture of artificial silk is dangerous, complicated, and also expensive, 
nothwithstanding the partial recovery of the alcoholic ether. 
Strenuous endeavours are, however, being made to perfect the 
process, and already most of the difficulties, which chiefly reside 
in the denitrating process, have been overcome. 

The La France Company reckons to produce 6 cwt. a day, and 
hopes to be able to increase this to 24 cwt. before long. The cost 
of production is said to be about 5s. per ewt., while the trade price 
is about 11s. | 

Other processes for the manufacture of artificial silk are those 
of Vivier, Lehner, Cardaret, and Langhans. 

According to Vivier, a mixture of trinitrocellulose, fish glue, 
and gutta-percha is dissolved in glacial acetic acid; the composition 

of the solidifying liquid is kept secret. The finished product has 
a brilliant lustre, and is said to cost only about 1s. 6d. per cwt. 
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Lehner dissolves purified silk waste in concentrated acetic acid, and 
mixes therewith a solution of nitrocellulose in wood spirit and 
ether ; turpentine and chloroform are used as the coagulating liquid. 

Cardaret nitrates purified cellulose, bleaches it with aluminium 
hypochlorite, and dissolves it in acetone, ether, alcohol, toluol, 

glacial acetic acid, and castor oil, the resulting mass being broken 
down and worked by hot cylinders to make it plastic, and treated 
at the same time with a solution of gelatine, albumen, or other 
proteid substance in glacial acetic acid. The plastic silk-like mass 
is pressed into the spinning apparatus, and is finally treated with 
tannin to impart elasticity. The cost price is said to be about 
2s. 6d. per cwt. 

Langhans does not use nitrocellulose at all, but claims rather 
that cellulose can be so modified by repeated treatment with 
sulphuric acid of varying strength, that it can be used for the 
production of silk-like threads. 

Artificial silk is deceptively like the natural product, and 
possesses a beautiful gloss; on the other hand, it lacks the neces- 
sary strength and elasticity to enable it to serve as warp. The 
tensile strength of true silk is twice as great as that of Chardonnet 
silk. Artificial silk can be dyed just the same as natural silk, but 
a further bad property of the artificial silk crops up here, namely 
that it cannot stand a warm bath, this rendering it strawlike, harsh, 
and inferior in softness to true silk. 

Another important matter is the behaviour of cellulose towards 
alkalis. These, when dilute and in presence of air, act like 
mineral acids although much weaker, hydrocellulose being pro- 
duced. When air is excluded their action is very slight indeed, 
a circumstance that should be taken into consideration in the 
bleaching of vegetable fibres. Concentrated alkalis produce a 
chemical change in cellulose, whereby the latter acquires a con- 

- siderable affinity for dye-stuffs—probably this behaviour is also 
based on the production of hydrocellulose. This reaction is called 
“mercerisation” after its discoverer, Mercer; it will be further 

dealt with under Cotton. Latterly, Cross, Bevan, and Beadle have 
prepared, by the action of carbon disulphide vapours on mercerised 
cellulose, a mass which is said to be capable of various industrial 
applications, ¢.g. according to its consistence it may be used as an 
agglutinant, a loading agent, or a dressing material. It can also 
be cast in moulds, and when dry is horny, transparent, and may be 
cut and polished. 

According to a patent taken out by L. Vignon and L, Cassella, 
the affinity of cellulose for basic dye-stuffs may be increased by 
amidising it (or the fibres) by treatment with calcium chloride and 
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ammoniaat 100°C. The behaviour of cellulose towards ammoniacal 
copper oxide is also worthy of note. ~ In this solvent it readily 
‘dissolves in the cold to a sticky liquid, from which cellulose— 
partly in the form of hydrocellulose—can be precipitated as colour- 
less flakes by acids. The ammoniacal copper oxide should be pure 
(free from salts) and concentrated. It is prepared by precipitating 
a dissolved copper salt by ammonia in the cold and in presence of 
ammonium chloride, the resulting blue precipitate being thoroughly 
washed with water, and then dissolved in cold concentrated ammonia 

to form a saturated solution. 
Of the other reactions of cellulose, it should be mentioned that 

strong sulphuric acid and iodine stain it blue in consequence of 
the formation of hydrocellulose, whereas zine iodochloride gives a 
violet stain. On the other hand, it may be distinguished from 
lignine in that, unlike the latter, which is stained yellow, it cannot 
be coloured by means of aniline sulphate. 

(1) SEED HAIRS: Corton Tre—E Wool, VEGETABLE SILK. 

Cotton. 

Origin and Definition The name Cotton indicates the downy 
substance found in the seed capsules of plants of the species 
Gossypium (family Malvacee). It grows out of the seed, and is there- 
fore a seed hair, consisting of a single cell. The seed is covered 
with a very coarse, generally yellow, brown or dirty green under- 
wool, whereas the valuable cotton hairs are much longer and for the 
most part colourless. 

For the purpose of cultivation only about five species of Gossy- 
pium are important, although about twenty are known. They are 
shrub or tree-like plants, measuring 3 to 24 feet in height,:and 
thriving in all warm countries, their principal habitat being North 
America and India. 

Gathering.—As soon as the cotton fruit is fully ripe, which 
occurs in August, September, and October, the capsules burst open 
and the cotton exudes. This is the most favourable moment for 
the harvest, and the capsules are plucked from the plant, the seeds 
and cotton being then taken out of the capsules. The cotton is 
separated from the seeds by means of so-called ginning machines, of 
which there are two chief systems in use—the roller gin and the 
saw gin. The former consists of rollers which seize and draw in 

the cotton fibre, whereas the seeds cannot pass through but are 
driven back. The saw gin consists of saw plates, which are 
mounted on rollers, the teeth projecting through a narrow grid 
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through which they draw the cotton fibres, leaving the seeds to 
fall to the ground on the other side. 

The seeds are used for the manufacture of cotton seed oil; 

whilst the: cotton is pressed and sent to market in bales. 
Historical.—Cotton has been known and used in Peru and 

India from the earliest times, and also seems to have been culti- 

vated at a very early period in Persia. Thence it probably found 
its way to Egypt, where it has been known ever since about the 
fifth century B.c. At about the same time the Greeks and Romans, — 
who previously had known only wool, began to wear cotton clothes. 

The European cotton industry only began to come into import- 
ance at about the end of the eighteenth cen- | 
tury, and may be considered to date from 
the year 1772, when the first cotton fabric . \ / i 

a \ 

was produced in England. At that time 
the supply of cotton was chiefly obtained i , 
from the Levant and Macedonia, but, later, Vi Y) } 

America became the chief exporter; and Y 
since the North American War, India and 

Brazil have also successfully competed in 

the cotton trade. At the present time the 
demand for cotton is principally covered 
by North America, India, Egypt, and Brazil. 

The trade is now mainly centred in England, 
particularly in Liverpool; and the English 
cotton trade is the largest in Europe. The 
yearly consumption of cotton in the whole 
of Europe is estimated at about one million 
tons. 

Commercial Varieties —In commerce ff %, 
two principal varieties of cotton are known, Wire. 1 

namely, “long staple,” the fibres of which 
are 1 to 2 inches long, and “short staple” from 4 to 1 inch. 
The whiter, cleaner, and more silky the cotton the higher the 
value, but that consisting of short nepped fibres is inferior. The 
best and most highly prized of all is Sea Island cotton from 
Gossypium Barbadense, the finest grade of this being also known as 
“long Georgia,’ which at present is mainly grown in Florida. 

Structure.——The cotton fibre is a single, elongated, conical, 

epidermal cell, the upper extremity of which is closed, whilst the 
lower end, which was attached to the seed, is broken off irregularly. 
Under the microscope the fibre (see Fig. 1) appears as a granular 
striped band, mostly twisted in the shape of a corkscrew. This 
is more particularly evident when the fibre has been moistened 
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with water. This highly characteristic feature may nevertheless 
be absent in places. | 

The fibres are not cylindrical but fiat, though this is sometimes 
not the case (in parts) in the finer kinds. There is a central cavity 
known as the /umen, which is generally small in proportion to the 
cell walls. | Consequently the latter are often very thick, though in 
common grades the lumen is three or four times as broad as the 
cell wall. Occasionally the lumen is absent altogether, and the 
fibre is then known as dead cotton, being the immature and im- 
perfectly developed hairs; these then take the dye with far greater 
difficulty than the normal fibres. Viewed under the microscope it 
appears perfectly transparent, only the edges being visible. 

Externally the cotton fibre is surrounded by a fine skin—the 
cuticle. The substance from which this is formed 
does not behave exactly like cellulose, and is 
considered as a conversion product of the latter 
under the influence of light and air. Whereas 
cellulose is rightly soluble in ammoniacal copper 
oxide and concentrated sulphuric acid, the 
cuticle takes a long time to dissolve in this 
reagent. On treating the fibre with the first 
reagent under the microscope, the phenomenon 
so highly characteristic of cotton is observed: 

turns gummy, swelling up and bursting the 
cuticle in isolated places. The cuticle appears 
as though binding the cellulose as with a cord, 
whilst in other places it hangs in loops. 
Finally, the cellulose is completely dissolved, and 
the fragments of torn cuticle float in the solution 

(Fig. 2). 
As the bast fibres, which will be aoeaeued later, are devoid of 

cuticle, they do not exhibit this characteristic behaviour when 

the internal substance, consisting of cotton, 

treated with ammoniacal copper oxide. Consequently this reaction - 
affords a valuable means of differentiation. It must, however, be 

mentioned that cuticle is not: invariably present on all cotton, 
especially after strong bleaching, since under these. circumstances . 

the cuticle is mostly destroyed. 
Chemical Composition.—Raw cotton consists of (in Massit 

figures) 87 to 91 per cent. cellulose; 7 to 8 per cent. water (cleaned 

cotton mostly a little over 5 
and fat; 0°5 to 0°7 per cent. of protoplasmal residue and 0:12 per 
cent. ash; together with a very small quantity of colouring matter. 
The sp. gr. of air-dried cotton is 1°5. 

per ey 0-4 to 0°5 per cent. wax 
ya 
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Chemical behaviour.—Broadly speaking, this is the same as 
cellulose. However, in the presence of water, cotton fibre behaves 
somewhat differently from cellulose, inasmuch as it is far less 
hygroscopic, the reason being that cellulose (precipitated from 

_ solution in ammoniacal copper oxide) is in a more finely divided 
state. Special mention must also be made of mercerisation, 7.e. the 
peculiar alteration sustained by cellulose when treated with ‘strong 
alkalis. Thus, if cotton be treated with 28 to 30° Bé. caustic soda 

for about a minute at the ordinary temperature, there ensues, in 

addition to the aforesaid chemical alteration, a modification of 

structure: the lumen contracts and the fibres become much shorter 
and thicker. The contraction amounts to about 15 per cent., the 
increase of tensile strength to 20 per cent.; and the elasticity of 
the fibre is also augmented. This modification is also produced 
by far weaker lyes than the foregoing, eg. an, 8 Bé. caustic 
soda will partly bring about the same result. However, it is only 
cold lyes that act in this manner; hot lyes will not mercerise at 
all. Since the cotton hereby acquires a great increase in absorptive 
capacity for dyes, many attempts have been made to render merceri- 
sation technically useful, but, until lately, they failed by reason 
of the great contraction suffered by the cotton. Recently, however, 
considerable progress seems to have been made in this direction, 
and in the process patented by Thomas and Prevost the cotton 
fibres are stretched whilst they are being mercerised and dried, thus 
entirely preventing the contraction of the fibre, which, in addition, 
acquires a powerful silky appearance. 

Mercerisation is also employed in calico-printing. In the parts 
where the lye is brought into contact with the cotton, the fibre ~ 
eontracts and the fabric is therefore caused to assume a crinkled 
appearance like crepon. 

Cotton goods, especially dressed fabrics, have a Fondeney to 
become mouldy when damp, the mould appearing in the form of 

_ yellowish to dark brown spots. In the early stages of development 
they can be got rid of by energetic washing; but later on this 
is no longer possible, and at this stage the cotton fibre or fabric 
will have become more or less corroded. — 

Mouldiness can be best prevented by storing the goods in dry, 
well-ventilated warehouses. 

Another kind of spotting, more or less violet in colour, is due 
to the presence of iron tannate, resulting from the action of 
ferruginous water or solutions on the residual seed capsules (con- 
taining tannin) present in cotton that has not been properly 
cleaned. : 
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Bombax Cotton from the Cotton Tree. 

A kind of cotton similar to that of the cotton plant has, from 

time immemorial, been collected from the fruit capsules of plants of 
the Bombax family (allied to the Malvacew) in the countries of 
production, and utilised in various ways. 

The Bombacez thrive in all tropical countries, but are little 
known in Europe. The cotton is found in commerce under various 
names, such as—vegetable down, ouate végétale, Edredon vegetal, 

Pattes de lierre. Bombax cotton is soft, lustrous, and white to 

yellow brown in colour. Being seed hairs, the fibres are morpho- 
logically similar to true cotton, from which, however, they differ 
in the absence of the spiral twist, the presence of reticulated 
thickenings of the cell wall, and in the inferior thickness of the 
latter ; consequently they are much weaker than true cotton and 
cannot compete with it. The fibre is chiefly used for wadding and 
as an upholstering material, though occasionally it is mixed with 
cotton and spun. Bombax cotton may be distinguished from true 
cotton by the pale yellow tinge imparted by iodine and sulphuric 
acid or aniline sulphate, which indicates a slight degree of lignifi- 
cation. 

Vegetable Silk or Asclepias Cotton. 

The seeds of a number of Apocynew and Asclepiadee (mostly 
_ tropical) are provided with a tuft of long fibres possessing a beauti- 
ful silky lustre and known as vegetable silk. On account of their 
beautiful appedrance many attempts have been made to spin these 
fibres, but failed by reason of their brittle character and low 
tensile strength. 

The fibre is readily distinguished from cotton by its lignification, 
and from Bombax cotton by characteristic thickened strips, revealed 
in the cell wall under the microscope. 

(2) BAST FIBRES: Fax, Jute, Hemp, anp RamIE. 

Flax. . 

Definition and Origin.—Flax consists of the bast fibres from 
plants of the Linum family. The species Linwm usitatissimum 
being specially suitable for its production. 

The true home of the flax plant is anlenowi but it yields, — 
especially in northern countries, a good bast suitable for the 
preparation of flax. This is the reason why nearly all flax growing 
countries get their seeds from the Russian Baltic provinces. 
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Preparation.—In order to obtain a good fibre the plants must 
be gathered before they are ripe, the proper time being indicated by 
the change in the colour of the seed capsules from green to brown. 
The harvest is carried on from June to September, the whole plants 
being pulled out of the ground, dried on the field, and finally 
rippled with iron combs to separate the stalks from the leaves, 
lateral shoots, and seed capsules. The bast fibres amount to about 
70 to 75 per cent. of the stalks. These latter are now subjected 
to a process of retting, a kind of fermentation, the object of which 
is to decompose and render soluble the glutinous and intracellular 
substances, which cause the bast fibres to stick together and to the 
woody matter of the stalk. 

This operation is the most important in the entire preparation 
of flax, influencing, as it does, the final product in the highest 
degree. It is performed in various ways — water retting, dew 
retting, mixed retting, warm-water retting, steam retting, and 

chemical retting. In water retting the flax stalks, tied in bundles, 

are placed in baskets and left for ten to twenty days in running or 
stagnant water. At first a turbulent acid fermentation is set up, 
and is followed by.a quiescent alkaline fermentation. The stalks 
are taken out from time to time in order to see whether they are 
sufficiently retted, which may be recognised by their feeling soft 
and by the woody parts separating easily from the fibres. When 
this is accomplished the retting must be stopped immediately, since, 
if allowed to continue, the fibres would be damaged by over-retting. 
In dew retting the flax stalks are spread out in thin layers on a 
meadow, and moistened from time to time. This takes much longer 

than water retting. In mixed retiing the first part of the fermenta- 
tion is carried on in water, and the second completed on the grass. 

These three methods are also known as “natural retting,’ and 
the water method being the cheapest is therefore the most in 
favour, notwithstanding that it does not yield a very handsome 
product, especially when performed in hard or ferruginous water. 
QOver-retting is also very liable to occur, and an additional drawback 
arises from the intense putrescent smell given off, in consequence of 
which water retting must always be carried on at a distance from 
human habitations. 

Natural retting being also greatly dependent on the weather, 
attempts have been made to supersede it by artificial processes, 
chief among which is the warm-water retting method invented by 
Schenk. It is similar to ordinary water retting, but is carried on 
in tanks wherein the water is warmed up by steam to about 35° C. 
The operation takes from two to three days, and furnishes a 
product superior both in quality and quantity to that obtained by 
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natural retting; and is, moreover, the most rational method of 
procedure. Occasionally the bundles are subjected to an alternating 
treatment of steam and hot water, the process being then termed 
steam or hot-water retting. 

Attempts have been made of late to improve existing methods 
by employing acids and alkalis. Thus an addition of sulphuric 
acid to the retting water is in so far favourable that it prevents 
the repulsive smell appearing during the alkaline fermentation. 
Finally, also a method of retting has been experimentally intro- 
duced, the chief feature of which is a treatment with dissolved 

alkali. 
The flax stalks, having been retted by one or other of the fore- 

going methods, are well rinsed and dried; it is, however, highly 
advisable to first pass them through rollers, by which means the 
greater part of the mucinous matters enveloping the fibres are 
expressed, and the subsequent separation of the fibres from the 
wooden matter is greatly facilitated. To effect this separation, the 
dried stalks are subjected to the following mechanical operations :— 

1. Crushing or beating, which consists in breaking down the 
woody matter by the aid of mallets or a stamping mill. 

2. Breaking.—The stalks are passed between the fluted rollers 
of a flax breaking machine, whereby the woody matter is still 
further broken down, the greater part being at the same time 
removed. | 

3. Sceutching.—The object of this treatment is the complete 
removal of the woody matter, and it is effected by beating the 
vertically suspended flax with blunt wooden knives. The work 

is done either by hand or in a machine, the fibre suffering less 
damage in the former case than in the latter. 

4. Hackling—The scutched flax stalks are drawn through a 
series of successively finer steel combs, which separate any fibres 
that still remain stuck together, and draw them out parallel. This 
work is also done by hand or machine. 

Historical—F lax is the oldest of all textile fibres, and has 

been cultivated in China from time immemorial. Linen wraps, 
some characterised by extreme fineness, have been discovered in lake- 
dwellers’ habitations, and the wraps enveloping Egyptian mummies 
also consist of flax fibre. 

Commercial Varieties and Statistics.—Flax is put on the 
market in the form of long, soft, lustrous fibres, the colour of the 

best kinds being a pale blonde. If the flax Has been covered with 
mud whilst retting, it will have a greyish colour, and is particularly 
soft. Over-retted flax is dull and brittle. : 

The number of chemical varieties of flax is very large. The 

X 
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best kinds are produced in Ireland and Belgium, though a few 
French and Dutch varieties may also be included in the first class. 
The beautiful lustrous Italian flax is also highly prized, but Russian, 
Prussian, Silesian, and Austrian flax, although long in fibre and 
strong, are of inferior fineness. Egyptian flax is characterised by 
its extreme length, which averages about forty inches, whereas 
Silesian flax, for instance, averages only eleven inches in length. The 
annual consumption of flax in Europe is estimated at about 300,000 
tons. These figures, however, cannot lay claim to any degree of 
accuracy, since the preparation of flax still remains to a large 
extent a home industry, and as such escapes the attention of the 
statistician. 

Structure.— Under the microscope the flax fibre appears as a 
long, straight, transparent cylin- 
drical tube of uniform thickness, 

either smooth or longitudinally 
striated, and frequently exhibiting 
tranverse cracks. In many places 
it presents nodes and displace- 
ments, which cause it to look-as 

though articulated. These nodes, 

which are specially characteristic of 
flax fibres, are rendered darker 

by treatment with zinc . iodo- 
chloride, and then become very 
clearly visible. 

The natural ends of the fibres 
are sharp pointed and mostly 
attenuated ; the cell walls are very 
thick, and the lumen is so narrow 

that it appears under the micro- ats sala sack 
Fic. 3.—Flax Fibres. 

scope as merely a black streak. , Longitudinal view ; 6 Cross section. 

The cross section of the fibre is 
also very characteristic, exhibiting a number of polygonal cells, 
in the centre of which the lumen appears as a yellow dot (in con- 
sequence of its yellow protoplasm). Sometimes, however, and 
especially in fibres taken from the lower part of the stalk, the 
cells exhibit a rounded shape similar to those of hemp. 

Composition.—The purified flax fibre consists of almost pure 
and quite unlignified cellulose, so that, like cotton, it is stained 

blue by iodine and sulphuric acid, and is not tinged yellow by 
aniline sulphate. | 

In the air-dry condition flax contains about 54 to over 7 per 
cent. of water, and various amounts of cellulose, pectin substances, 

© <n aims 
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fat, wax, and ash, differing according to the preparation. Accord- 
ing to Vignon the specific gravity of flax fibre is 1°5. 

Chemical behaviour.—In presence of reagents flax behaves 
very like cotton, though, mainly owing to the structure, it takes up 

mordants and dyes less readily than the latter. Moreover, the 
impurities of crude flax—especially the brown pectin substances— 
are more difficult to remove than in the case of cotton, and con- 

sequently the operation of bleaching flax is harder than with cotton. 
Flax fibre is more susceptible than cotton to the action of bleaching 
powder. When treated with ammoniacal copper oxide, it swells up 
considerably without, however, quite passing into solution. 

Hemp. 

Definition and Occurrence.—Hemp consists of the bast cells 
of the hemp plant Cannabis Sativa, which, like the flax plant, 
thrives in moderate subtropical climates. In hot countries, India 
for example, it yields a defective fibre, though, on the other hand, 
it produces large quantities of seeds, which are strongly narcotic 
and therefore used in the preparation of delicacies like hasheesh. 

Preparation.—This is effected in the same manner as flax, 
though occasionally the bast is stripped off from the plant whilst 
still fresh, the product in this case being valued on account of its 
length and purity. 

Historical.—Like flax, hemp belongs to the oldest of the 
textile fibres. Of all European countries it seems to have been 
longest cultivated in the South of France. 

Commercial Varieties and Statistics—In commerce a aii 
tinction is drawn between clean and stripped hemp. The small 
waste fibres obtained in hackling are called tow. Since hemp is 
for the most part coarse and of dark colour, and is very difficult 
to bleach, none but the very finest qualities are spun, the great 
bulk of the article being used in the manufacture of string, cord, 
rope, hawsers, etc., for which its great strength renders it par- 
ticularly suitable. 

The handsomest varieties of hemp come from Italy, and among 
these Bologna hemp occupies the first place, being fairly rae, 
lustrous, very fine, and flexible. Next to the Italian kind comes 
Grenoble hemp. The largest quantities are, however, obtained 

from Russia, whilst other hemp producing countries include North 
America, Alsace, the south of Baden, Prussia, and Austria. Mention 

should also be made of the African giant hemp, which, as its name 

implies, is characterised by great length, the fibres measuring 
upwards of ten feet long. 
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About 500,000 tons a year are produced in the whole of 
Europe, one-fifth of which quantity is grown in Russia. 

Structure.—Examined under the microscope the fibre of 
hemp is very similar to flax, exhibiting displacements, longitudinal 
fissures, and transverse cracks. On the other hand, the lumen is 

broad and only contracts to a narrow line near the tip; moreover, 
the entire fibre is less regular in thickness than flax. The ends 
of the fibres are highly characteristic, being very thick walled 
and blunt (see Fig. 4), frequently branching sideways, and thus 
affording a ready means of distinguishing this fibre from flax when 
examined under the microscope by a low and high power in 
succession. 

The cross section is also different from that of flax, the cells 

being mostly in dense groups, with rounded 
corners, and giving a yellow margin when 
treated with iodine and sulphuric acid. The 
lumen, instead of being circular, is elongated, 

frequently branched, and devoid of contents. 
Composition.—In addition to cellulose, 

hemp fibre contains a not inconsiderable 
quantity of woody matter, differing in this 
respect considerably from cotton and_ flax. 
According to Vignon, the specific gravity of 
hackled hemp is 1°48. 

Chemical behaviour.—lIodine and sul- 
phuric acid stain hemp fibre green to dirty 

| | | yellow, the various strata in the cell walls 
assuming different colours. Unlike the fibres 

hat previously described, hemp is stained slightly 
Ends of Blew Fibre. yellow by concentrated nitric acid. Treated 

HEAP with ammoniacal copper oxide the fibre turns 
blue to green, swells up in bubbles, without however dissolving, 
and exhibits delicate longitudinal striations. 

Jute. 

- Definition and Occurrence.—Jute consists of the bast fibres 
of several varieties of Chorchorus indigenous to India. These plants 
yield such an enormous quantity of fibre that land planted with 
jute gives a crop from two to tenfold greater than is obtained from 
flax or hemp. 

Preparation.—The jute fibre is obtained from the plant by 
cold-water retting, and is cleaned by scutching and hackling. Great 

2 
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care, however, is necessary in carrying out the first-named 
operation owing to the ease with which jute becomes over- 

retted. 
The fibre is prepared for spinning by steeping it in an emulsion 

of oil and soap previous to hackling. 7 

Historical.—Jute has long been the most important fibre 
produced in India, and has grown in importance in European 
commerce since 1860, when the Crimean War led to a scarcity 
of Russian hemp. 

Commerce, Statistics, and Uses.——Jute comes on the market 

as a yellow to French-grey fibre. The coarser kinds are worked 
up in the production of coarse fabrics, sacks, packing cloths, and 
the like, whilst the finer kinds, in which the undesirable property 
of growing darker with age is less apparent, are employed for 

making carpets, curtains, and heavy plush, for which 
its high lustre renders it suitable. Jute is also not. 
infrequently used along with animal fibres; and it 
also serves to mix with hemp, though its low tensile 
strength militates against it. | 

Structure.—In microscopic structure jute fibre 
exhibits a certain similarity to hemp and flax;-imas- 
much as the cells in the cross section are grouped, 
polygonal and ‘sharp cornered. On the other hand, 
the longitudinal view shows neither displacement nor 
striations, and the lumen is nearly as broad as the cell 
walls or even more so, besides being strongly con- 
stricted at intervals—a special characteristic of jute 
fibre. In consequence of the irregular thickening of 
the cell walls, it is advisable before examining jute 
under the microscope to treat it with alkali or 
chromic acid, which isolates the individual fibres. 

Composition.—Differing from other bast fibres, 
jute mainly consists of a compound of cellulose 

Fic. 5. with lignine or other similar body, the compound 

Jute Fibre. being known as bastose. The specific gravity of jute 
7 is the same as that of hemp. 

Chemical behaviour.—Jute gives the lignine reaction by taking 
a yellow stain with iodine and sulphuric acid, whilst aniline sulphate 
colours it dark yellow. . When treated with chlorine the principal 
constituent, bastose, is converted into a compound, which, like cotton 

containing tannin, is stained a fuchsine red by alkaline sulphites. 
It may be distinguished from hemp by the red-brown stain pro- 
duced by concentrated nitric acid. Jute cannot be bleached with 
chloride of lime since it combines with the chlorine and yields an 
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insoluble compound with the lime. Consequently, sodium hypo- 
chlorite must be used for bleaching. | 

Jute is usually dyed in an acid. bath, though alum should be 
employed on account of the weakening effect produced on the fibre 
by mineral acids, 

Ramie, Rhea, China Grass, Nettle Fibre. 

Definition and Occurrence.—For a very long time silky, soft, 
and extremely strong fibres, known under the above names, have 
been prepared in China and India from various species of nettle, 
particular importance attaching to the fibres from Boehmeria nivea 
and allied species. At present ramie and China grass are no 
longer considered as being distinct fibres. 

Preparation.—<Although there are numerous species of nettle 
yielding handsome fibres, only comparatively few are utilised, the 
stings of many of these plants having a very powerful action on the 
skin, and consequently rendering their manipulation very difficult. 

Ramie fibres are obtained by stripping the fresh bast from the 
wood. In China, the freshly cut stems of the plant are first scraped 
to remove the rind, then left exposed to the sun for several days, 
after which the bast is thoroughly damped with the morning dew 
and is carefully peeled off, the fibres being then boiled and dried. 
As the bast will not easily strip except when the stalks are quite 
fresh, the successful preparation of ramie entails the employment of 
a very large number of hands in order to be able to treat the whole 
of the crop at once. To get over this difficulty, Sansone proposed 
to store the fresh cut stalks in a solution of bisulphite in brick- 
work pits. Recently a great deal of trouble has been taken, 
especially in. France and North America, over the construction of 
suitable decorticating machines for stripping the bast from the 
stalks in a quicker and more rational manner, this forming the 
“most difficult part of the whole process. [When ramie is prepared 
in the form of single isolated cells like cotton, instead of cell 
bundles like the other bast fibres, it is known as cottonised ramie, 

and can be spun to very handsome yarn. In Europe, ramie is 
bleached in the same way as cotton, and thereby acquires dazzling 
whiteness. 

‘Historical—Ramie fibre has been prepared in India and 
China from time immemorial, and has also been found in mummy 
wraps. In more recent times ramie cultivation has been intro- 
duced into Egypt, Algiers, Spain, Italy, France, ete. 

Commerce and Statistics.—It is only of late that ramie fibre 
has attained a certain degree of importance in Europe, and this 
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would be still further increased were the difficulties in the way of 
its preparation removed. 

China alone exports at present about 3500 tons per annum. 
Chinese ramie or China grass is generally met with in com- 

merce in the form of slightly yellow or greenish fibres up to about 
8 inches long. It is only when the fibre has been bleached that 
it develops its valuable properties of gloss, whiteness, softness, and 
strength, which would render this fibre the most perfect of all those 
of vegetable origin, were it not for one great drawback, namely, 
that the surface of the fibre, instead of being smooth, is covered with 
a number of fine projecting fibrils. These greatly diminish the 
lustre of ramie fabrics, and are also the cause why ramie is not 
very suitable for the production of body linen. 

Ramie is used in conjunction with other fibres; for example, 

it is spun along with wool, the resulting yarn being used as a weft 
in woollen-warp fabrics. 

Structure.—Ramie fibre chiefly differs from the other vege- 
table fibres in the great length and breadth of the bast cells, which 
are up to 8 inches or more in length, and on the average about 
twice as broad as cotton. The fibre is very irregular longitudinally, ; 
in the wide parts it is ribbon-like, flat, and also exhibits frequent 
displacements and longitudinal and cross fissures. The axial twist 
noticed in cotton also occurs here. The lumen is broad, the ends 

of the fibres are thick and rounded, and exhibit a linear lumen 

similar to that of hemp. In cross section the cells are mostly 
independent, very large, long and compressed. 

Composition.—Ramie fibre consists of almost pure cellulose, 
without any lignification. The specific gravity is 1°51 to 1°52. 

Chemical behaviour.—lIodine and sulphuric acid impart a 
copper red to pure blue coloration, according to the degree of 
purification. Ammoniacal copper oxide gives a blue stain, the 
fibre swelling up greatly at first and finally passing entirely into 
solution. Aniline sulphate gives no coloration. 

The intracellular substance connecting the bast cells has very — 
low powers of resistance against reagents, a circumstance explaining 
the ease with which ramie fibres can be bleached. 

a Distinguishing Tests for the Various Fibres. 

As may be easily gathered from the foregoing descriptions, there 
are two modes available for recognising and distinguishing the various 
vegetable fabrics, viz. the microscope and chemical reactions. In 
employing the microscope, it should be remembered that the character- 
istic indications of a fibre are often lacking in places, or less frequently 
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observable in some kinds, one instance of this being the spiral twist 
in the case of cotton. Consequently the examination of a single 
fibre is insufficient, and must be extended to several throughout 
their entire length. Chemical reactions, or rather the characteristic 
colorations given by the different fibres with various reagents are 
largely ndent on the concentration of the latter and on the 
ie fibre. Thus, for example, a highly bleached cotton 
twist often fails to give the characteristic reaction with ammoniacal 
‘copper oxide, owing to the fact that the cuticle may have been 
removed in bleaching. 

It is advisable to use reagents of a constant known strength. 
The usual solutions are prepared in the following manner :— 

Iodine Solution —A 1 per cent. solution of potassium iodide 
is completely saturated with iodine; this solution must be renewed 
from time to time. 

Sulphuric Acid.—3 parts by volume of concentrated sulphuric 
acid are mixed with 1 part of water and 2 parts of perfectly pure 
glycerine; fresh acid must be added from time to time. This 
solution will then be of the right strength for examining fibres. 
When a flax fibre is treated therewith it does not swell up, but on 
the addition of iodine immediately gives a blue coloration, and not 
merely a pink or violet. 

Zinc Iodochloride.—A concentrated aqueous solution of zine 
chloride is added to a solution of iodine in potassium iodide, the 
following proportions being taken—_ 

1 part I. 30 parts ZnCl.,. 
5 parts KI. 14 parts H,O. 

As to which of these two methods more quickly and readily 
leads to the desired result, this depends on circumstances. In any 

event, the microscopical examination is so important that it should 
not be omitted except in rare cases, the more so because the majority 
of the colour reactions have to be performed under the microscope. 
Thus, for example, if a linen fabric has to be tested for cotton— 
a case of practical importance, inasmuch as linen goods are fre- 
quently adulterated with the far weaker fibre cotton—then a simple 
examination of a few fibres under the microscope will infallibly 

_ accomplish our purpose. The loose, flattened, and frequently twisted 
shape of the cotton fibre is so characteristic as to readily distinguish 
it from the straight, stiff flax fibres, and in fact all the bast fibres. 

In this case no colour reaction is needed. 
In distinguishing flax from hemp, two important criteria come 

under consideration—(1) The lignine reaction, hemp being, as a 
lignified fibre, stained yellow by aniline sulphate, whereas flax is 
not: (2) The ends of the fibres; these being pointed in the case 

o 
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of flax, but thickened and often forked in hemp. As already 
mentioned in describing hemp, a low power (20 to ticle should be 
used first. 

Jute is distinguished from flax by the lignine reaction, and from 
hemp by the nitric acid reaction (jute is stained red-brown, hemp a 
pale yellow). Under the microscope the chief distinctive charac- 
teristic of jute consists in its irregularly thickened cell walls, which 
cause the lumen to appear strongly constricted in places. 

Finally, as regards the differentiation of ramie from other fibres, 

this presents no difficulty, owing to the great breadth of the ramie 
fibre. 

4, ANIMAL FIBRES. 

Silk, Wool, Goat Wool, Camel Wool, and Byssus Silk. 

General Properties and Differentiation from Vegetable 
Fibres.—As their name implies, the animal fibres are of animal 
origin, and consequently do not, like the vegetable fibres, consist of 
cellulose, but of complex nitrogenous bodies of the protein class. 
In addition, the animal wools contain sulphur. 

For the above reasons their behaviour is therefore very different 
in presence of the usual reagents and dye-stuffs. This difference is 
already apparent when they are simply moistened with water, which 
they take up less readily than the vegetable fibres, and which causes 
them to swell up to a smaller extent than the latter. The practical 
consequence of this behaviour is self-evident: the animal fibres, , 
especially sheep’s wool and goats’ wool, require to be more strongly 
wetted than the vegetable fibres in the course of preparation for 
dyeing. Nevertheless, the animal fibres are much more hygroscopic 
than those of vegetable origin, i.e. they take up much more moisture 
when exposed to damp air. 
The two classes of fibres also exhibit very important differences 
in their behaviour towards acids and alkalis. 

The animal fibres, wools in particular, are more resistant than 

the vegetable fibres towards acids, a property on which the well- 
known method of separation, termed carbonising (q.v.), is based. On 
the other hand, they are much more susceptible towards alkalis, 

and on this peculiarity is based the determination of cotton and 
other vegetable fibres in mixed fabrics and wool substitutes. Con- 
sequently special care must be adopted in treating animal fibres 

with alkaline reagents. 
The carbonates of potash and soda should be used at tempera- 

tures not exceeding 50° C., even when in a dilute condition. Caustic 
alkalis, except ammonia, have an injurious action on animal fibres 
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under all circumstances. Considerable difference also exists between 
the two classes of fibre in dyeing, animal fibres having a greater 
affinity for the dye-stuffs, especially the acid dyes; the same 
remarks apply with regard to mordants, a point that will be dis- 
cussed later on. 

In bleaching, the use of chloride of lime is inadmissible for 
animal fibres, owing to the corrosion produced. Finally, the 
behaviour of the two classes of fibre when burned is so divergent 
that this test offers a ready and reliable means of distinguishing 
between them. On setting light to a vegetable fibre it burns 
rapidly, and gives off a smell of burnt paper (which itself consists 
of vegetable fibre), leaving behind a loose white ash, Animal fibres, 
on the other hand, burn very slowly, give off a smell of burnt horn, 
and fuse to a small bead of hard porous carbon. Vegetable fibres 
can be quickly detected in association with animal fibres by warming 
the sample of fabric with dilute alkali, and examining it under the 
microscope after washing: the animal fibres will be found consider- 
ably swollen and transparent, the vegetable fibres scarcely swollen 
at all, and sharply defined. Again, if the sample be boiled for 
about a quarter of an hour in 8 B. soda lye, the animal 
fibres will dissolve; the residue is then examined for the pres- 
ence of vegetable fibres, by the combustion test and under the 

microscope. 
Animal wools are distinguished from all other fibres by con- 

taining sulphur, and, if boiled along with a solution of lead oxide 
in soda lye, they will turn black, owing to the formation of lead 
sulphide. | ; 

Silk. — 

Morphologically, silks are the simplest, and in their other 
properties the most perfect and the most highly prized, of the 
textile fibres. The chief difference is in point of structure, 
since whereas the vegetable fibres are organised, and are products 
of vegetable growth, and wool also grows as an organised structure 
out of the skin of the sheep, silk is a solidified secretion of the 
larvee of various moths, and consequently is devoid of cellular 
structure. According as silk is obtained from the larve of wild 
moths or the cultivated silk-worm, it is termed wild or true silk. 
These two varieties differ in so many respects as to necessitate 
entirely separate descriptions, the true silk being taken first on 

account of its far greater value. 
True Silk.—The life history of the true silk-worm, Bombyx 

mori, is identical with that of the wild silk-worms, and may 

be briefly described as follows :— 
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The perfect insect neither takes nourishment, nor does it 
produce silk, the sole object of its short existence being the 
reproduction of the species. From the egg laid by the moth is 
hatched the sexless form of the insect, the larva, and from this in 

turn proceeds the pupa or quiescent intermediate form. In order 
to protect the unharmed pupa from external influences, the larva, 
before passing into the pupal stage, surrounds itself with a casing 
or cocoon of silk fibre, which cocoon forms the raw material for the 
manufacture of silk. 

Silk-Worm Breeding.—This pursuit is carried on in estab- 
lishments known as “ magnaneria,” and also as a home industry. 
The first condition for founding an establishment of this kind is 
the planting of a sufficient number of mulberry trees, the true 
silk-worm feeding exclusively on mulberry leaves and requiring an 
abundant supply of these to enable it to produce fine cocoons. A 
deficient food supply causes the worm to produce either a smaller 
quantity or inferior quality of silk. 14,000 larve, the cocoons of 
which will eventually yield from 3 to 43 lb. of silk, will consume 
during their lifetime about 9 cwt. of leaves, from which figures it 
can easily be seen that very large mulberry plantations are required 
for production of silk on a large scale. 

When fresh, the eggs of the silk-worm are yellow, dry, whitish 
grey, and resemble ordinary poppy seeds in form and size, about 
16,000 being required to weigh a lb. For hatching, they are 
spread out on sheets of paper in well ventilated and slightly damp 
chambers, the temperature of which is gradually raised in ten to 
twelve days to 60°, 64°, 68°, and 77° Fahrenheit; at this tempera- 
ture the larvee, which are very small, motile, and covered with 
blackish hairs, emerge from the egg, and are transferred without 
delay to frames covered with white paper. Only those from one 
hatching are put on the same frame, in order that they may all 
subsequently spin at the same time. They are now fed with fresh, 
dry, mulberry leaves cut up, and, in proportion as the larve grow, 
they must be transferred to larger frames. Uniform temperature 
and moisture, care, cleanliness, and abundance of fresh food are 

indispensable conditions for obtaining strong healthy worms and 
good quality silk. 

The silk-worm is an extremely voracious animal and grows at 
a correspondingly rapid rate, until it attains three to four inches in 
length and weighs about one-sixth of an ounce. At this stage it 
is of a floury whiteness, or spotted with brown and black, and its 

body is divided into ten segments, the foremost of which is some- 
what enlarged, and carries the head and true legs. It is interesting 
to note that these legs are of the same colour as the silk that will 
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be subsequently supplied by the worm, ze. white, yellow, or 
greenish. During its lifetime the silk-worm sheds its ‘skin four 
times, and is at this period particularly susceptible to external 
influences. After the fourth shedding, the larva lives another 
eight or ten days, whereupon it ceases to eat, evacuates the con- 
tents of its stomach, and moves restlessly about. It is now 
transferred to dry mulberry or other twigs, where it at once 
begins to spin, discharging from its under jaw a thread (silk), with 
which it first forms a loose network or bed, and then begins to 
spin the true cocoon. This it does by moving its head to and fro, 
and winding the exuding silk thread around its body in a very 
regular manner. In a short time it is completely enclosed, and 
the cocoon is finished in about four days. Inside the coceon the 
larva developes a final skin, and is converted into the pupal state. 
The shape of the cocoon differs according to the sex of the future 
insect, the females being oval, whilst the males are a little smaller, 
more cylindrical, and slightly constricted in the centre. They 
average about 1°2 inches long, and 0°6 to 0°78 inch across. When 
fresh they have the following composition— 

Water, . : at eera, 
2 ae ee i oT eRY 
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They are formed of a single, seldom interrupted, double fibre, which 
is strongest and most uniform at the centre and varies in length 
from 400 to 3300 yards. The innermost layer of all, surrounding 
the pupa, resembles a thin skin of parchment. After about ten days 
the cocoons are collected and sorted. Double cocoons produced by 
two larve spinning themselves in together, or cocoons exhibiting 
other peculiarities, must be sorted out, being unsuitable for the 
manufacture of silk in the ordinary manner. Moreover, a certain 
number of the male and female cocoons are set aside for the purpose 
of reproduction, all the rest being sent to the reeling house. 

The cocoons intended for breeding are placed in a chamber 
heated to a temperature of 68° F., where, in about twenty days after 

the completion of the cocoon, the moth, which in the meantime has 
become perfectly developed, moistens one end of the cocoon with 
saliva, pushes the threads apart, and crawls out. The wings are 
kept in constant motion until they have expanded to their full size. 
The moth is floury white in colour and immediately begins to pair, 
its life terminating as soon as the eggs have been laid. The eggs 
are carefully dried and stored until the following spring in a cool, 
dark, dry place. 1 grm. (15 grains) of eggs will yield over 11,000 

larvee = 3 to 5 lb. of finished cocoons. 
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Diseases of the Silk-Worm.—Silk-worm breeding is a difficult 
operation, entailing great care and attention. Moreover, the larve 
are subjected to a number of diseases. At the commencement of the 
sixties, two highly devastating epidemics made their appearance in 
the silk-worm industries of southern Europe and India. Their origin 
was investigated by Pasteur and others, and traced to fungoid 
growths developing in the bodies of the larve. 

The Chinese and Japanese breeding establishments are, it is 
true, unaffected by this disease; but, on the other hand, the Japanese 
industry suffers another disease caused by a species of ichneumon 
fly, which bores holes in the young silk-worm and ae its eggs 
within the body of the latter. 

Silk Manufacture.—tThe first task consists in killing the pup 
in the cocoons. It is effected in one of two ways, either by heating 
the cocoons in an oven for two or three hours at 60° to 70° G., or 
by exposing them for about ten minutes to the action of steam. 
The cocoons are then sorted, the best and finest being used for the 
production of so-called organzine, whilst the inferior grades are used 
for making trame. In weaving silk fabrics, the organzine fibres are 
used as warps, and trame as wefts. The silk threads forming the 
cocoons are next reeled, for which purpose they are first steeped in 
hot water in order to soften the gelatinous matter surrounding the 
threads, and are placed in a basin of luke-warm water. The 
attendant who looks after the reeling, then works the cocoons about 
with a small brush of twigs, in order to find the ends of the threads. 
Several ends are then united to a single thread and two sets of 
compound threads of equal thickness are passed separately through 
perforated agate guides, and, after crossing at one point, are again 
parted, passed through a second pair of guides and thence on to a 
reel which is worked at a speed of 800 to 900 revolutions per 
minute. The mucinous matter, softened by the hot water, causes 
the loose cocoon threads to stick together and form the simplest 
class of raw silk thread—grége. 

Reeling is a work requiring the greatest attention in order to 
prevent tearing the silk during the search for the ends, and also to 
secure uniform thickness in the reeled threads. It is a matter of 
considerable difficulty, and a good deal of silk gets broken during 

the former operation. | 
Recently an automatic silk reeling machine was invented by an 

American, E. W. Serrell. 

Working up Waste Silk.—The silk forming the outer layer of 
the cocoon, and also that of double cocoons, perforated, burst, or 
otherwise defective cocoons, and the broken ends in reeling, con- 
stitute the so-called waste or florette silk. These cannot be worked 
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up by reeling, but have to be treated by Lister’s process—namely, 
scouring with soda and soap, then combed or carded in suitable 
machines like cotton, and finally spun. There are two classes 
of waste silk, namely, florette and bourette; the former consists 

of the better and longer fibre and is prepared in a manner more 
similar to worsted, whilst the inferior bourette is worked up in 
the same way as carded yarn. 

At the present time florette spinning forms an important branch 
of the silk industry ; nevertheless it is inferior in value to reeled 

silk. 
Historical.—tThe historical data on the subject of silk are so 

comprehensive and interesting as to deserve mention in the present 
work. China is the home of the silk industry, and it has been 
known there from time immemorial that certain larve contain 
a secretion from which very durable threads can be produced. 
At one time these threads were used in making strings for musical 
instruments, and they are even now employed as fishing lines. 

The discovery that fabrics could be prepared from cocoons is 
attributed to Te-ling-Shi, wife of the Emperor Hoang-te, about 
2650 Bc. This monarch is also said to be the first to wear 
silken garments; and his lady was, after death, raised to the 
rank of a deity. From that time the Chinese silk industry has 
been closely connected with the history of the country. It was 
placed under royal protection, and for a long time formed a 
monopoly of the monarch and nobility. | 

_ The ancient Greeks were also acquainted with Chinese silk 
and held it in very high estimation. Thus, according to a cal- 
culation made by Pariset in the time of the Emperor Aurelianus, 
one pound of raw silk was worth about £24, and one pound of 
purple dyed silk four times that amount. This price, however, 
subsequently fell away to a great extent, so that in the fourth 
century all classes in Rome wore silken garments. Florette silk 
from the wild Assyrian moth was also known to the ancients and 
highly prized, namely, the so-called Bombykia, from which the 
Coan fabrics were manufactured. In India, Persia, and Japan, the 

cultivation of silk was introduced from China, though it is undeni- 
able that many of the inhabitants of those countries were already 
acquainted with and made use of this fibre. In Europe, silk was 
long regarded as a vegetable product. It was introduced during 
the first half of the sixth century of our era, and it is recorded 
that about this period the first silk-worms were brought to Byzantium, 
concealed in hollow bamboo rods, by two monks. The industry thus 

founded afterwards spread to Greece, Spain, and Italy. 
Commerce and Statistics——At the present time the cultivation 
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of true silk is carried on (with great care) not only in its Asiatic 
home, in China, Japan, and India, but in southern Europe, Italy, 

the south of France, Greece and the Levant. China and Japan 

are the chief sources of supply of eggs for the European silk-worm 
industry, the diseases already mentioned having devastated the 
breeding establishments in southern Europe and India. Nowadays 
silk culture is making advances in every direction, eg. in Bulgaria, 
China, and Japan. Although far from equalling European silk 
in fineness and regularity, the Asiatic silk predominates in point 
of quantity, and the Chinese production is increasing largely. The 
early cocoon crop in China is estimated at 270,000 tons, and the 

total production throughout the world at 460,000 tons of fresh 
cocoons, equivalent to 28,000 tons of grége silk. 

Physical Properties.—Raw silk is usually yellow to white in 
colour, though occasionally of a faint greenish tinge (Japanese silk), 
and only after being boiled and subjected to various mechanical 
operations does it acquire those properties for which it is so highly 
esteemed. 

Scoured silk is distinguished by high lustre, strength, toughness, 
and elasticity, the tensile strength being almost as great as that 
of iron wire of equal thickness. The elasticity is also high, a 
dried silk thread being susceptible of extension by one-seventh to 
one-fifth of its original length. These two properties mainly reside 
in the outer glutinous layer and are diminished by about 30 per 
cent. in scouring. Moreover, immoderate loading (in black dying) 
deprives the silk of a good deal of its valuable properties. When 
dried silk is moistened it contracts by about one-seventh, and the 
same also occurs in dyeing. 

Silk is a poor conductor of electricity, and when subjected to 
friction remains electrified, a circumstance which may cause a deal 
of mischief in the manufacturing process ; this defect, however, can 

be obviated by keeping the factory atmosphere moist. A property 
possessed by silk alone of all the textile tibres is that of emitting 
a crackling sound (scroop) when compressed. This property, how- 
ever, is not originally present in the silk, but is acquired after 
immersion in an acid bath. No proper explanation of this pheno- 
menon has yet been discovered, but it is assumed that the acid 
roughens the surface of the fibre, and that the noise results from 
the increased friction thereby ensuing when pressure is applied. 

Production and Structure of the Silk Fibre.—The silk fibre 
is produced in two glands along the inside of the body of the silk- 
worm, which glands are in the shape of convoluted cylindrical 
threads, and occupy a considerable amount of space in the full- 
grown larva. The glands consist of three principal portions (Fig. 6): 
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(1) the part a, b, where the silk is probably formed ; (2) the broader 
part, b,c, wherein the silk is probably stored; and finally (3) the 
capillary tube, c,d, where a partial hardening of the silk occurs, 
In this manner two threads are simultaneously formed, which unite 
at d, and issue from the silk- ; 
worm’s head in the form of a 
double thread, which only be- 
comes thoroughly hardened on 
exposure to the air. If the silk 
gland be cut through at the 
thickest part, it is found to consist 
of two distinctly separate parts, 
an internal transparent layer, 
and an external stratum which 
is colourless, greenish, or yellow, 

according to the breed of the 
silk-worm, and occupies about 
one-fourth of the total volume. 
-As in the scouring of raw silk, | 
which dissolves the sericin, an Ra: 8. 
almost identical loss in weight 
occurs, it is concluded that this is formed simultaneously with the 
substance of the silk. 

In harmony with this method of formation, the silk fibre 
exhibits under the microscope the appearance of a clear cylindrical 
double thread, enclosed in a cloudy integument. As is shown in 
Fig. 7, the two threads stand apart in places; and in scoured silk 
are entirely separated ; consequently, whilst raw silk consists of a 
double thread, the scoured silk is single. 

Florette silk can be recognised by the irregular appearance of 
the external layer (Fig. 8). 

The structure of silk is; however, not so simple as the micro- 

scopical picture would lead us to expect; and in fact the fibre is 
composed of a number of smaller elements or fibrils, connected 
together by a small quantity of matrix. This can be concluded 
from the following facts :— 

When a silk fibre, exhibiting a slight striation, is treated with 
chromic acid under the microscope, the striation is rendered more 
clearly defined. More conclusive evidence is, however, afforded by 

the behaviour of the fibre in presence of moderately strong sul- 
phuric acid assisted by heat, since if, after impregnation with this 
acid, the silk be dried and then heated to 80°—100° G.,, it will be 
found, on careful examination under the microscope, to be entirely 
disintegrated into fibrils, separated by the preceding treatment. A 
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similar, and still more decisive, proof is afforded by “lousy” silk 
(see later, under Decortication). 

Chemical Composition.—<As already stated, the silk fibre 
consists of two portions, the outer layer, or sericin, and the real 

substance of the silk, or fibroin, the latter constituting about two- 
thirds of the total material present in the raw silk. 

Sericin is a substance soluble in water and resembling ordinary 
gelatine, though, when boiled for some time with dilute sulphuric 
acid, it furnishes decomposition products differing from those 
yielded by gelatine. 

Fibroin is entirely insoluble in water and is classed along 
with the proteids. On comparing the empirical formule of fibroin 
and sericin, the following simple relation is found 
to exist between them :— 

C,;H,,N;0,+ 0+ H,0 = C,;H,;N;0, 
; Fibroin Sericin 

It is therefore possible that 
sericin is produced from fibroin, an 
assumption that would seem to be 
justified by the fact that when 
scoured silk, entirely freed from 
sericin, has been left for some time 

exposed to damp air, it loses in 
weight on being subsequently boiled 
in water. 

In addition to the foregoing 
substances raw silk also contains 
water, and, in small amounts, fat, 

wax, and pigmentary matter. | 
The specific gravity of both raw 

and scoured silk is 1°34 (Vignon). 
Chemical Properties and Ab- 

sorptive Capacity.—Silk will stand 
a temperature of 110° C. without 

(a) Mane g, Undergoing any alteration, butrapidly wos 
(b) Scoured Silk. decomposes on being heated to Florette Silk. 

170° C. When held in a flame it | 
burns, and, like wool, appears to fuse, without, however, disengaging 
such an unpleasant smell as is evolved by the latter. 

When in the pure state, silk is highly resistant towards putre- 
factive agencies. It is very hygroscopic, absorbing as much as 
30 per cent. of water when exposed to damp air. Owing to this 
circumstance, and the fact that it is a very expensive material and 
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is sold by weight, it becomes necessary to determine the actual 
weight of silk in each bale, an operation that is performed in 
silk-conditioning houses, which establishments will be described 

later on, 
In addition, silk is a very porous substance, and has a high 

absorptive capacity for all kinds of bodies, ey. alcohol, acetic acid, 
tannin, sugar, etc. Its capacity for absorbing dye-stuffs is greater 
than that of any other textile fibre, and is even exhibited at the 
ordinary temperature. Furthermore, certain salts, used as mordants, 
are absorbed in large quantities by silk, a phenomenon on which 
is based the operation known as loading or weighting silk. 

Warm dilute acids dissolve the sericin, but leave ‘the fibroin 

untouched ; concentrated acids, however, exert a destructive action. 

Cold acetic acid dissolves out merely the colouring matter of raw 
silk, without attacking the sericin, though when heat and pressure 
are applied the silk dissolves in this acid. Concentrated nitric 
acid stains silk a beautiful yellow, xanthoproteic acid being formed. 
This coloration is deepened by alkalis but lightened by acids, and 
is destroyed by a boiling hot solution of stannous chloride. Formerly 
this colour was utilised industrially. 

Concentrated basic zine chloride dissolves silk to a viscous 
solution. A concentrated acid solution of zine chloride also readily 
dissolves silk, and the solution can be diluted with water without 
precipitation being produced. When the liquid is dialysed, to com- 
pletely remove the acid, an aqueous solution of chemically altered 
sericin is obtained. This operation, though undoubtedly interesting, 
does not, however, seem capable of any practical utilisation, inas- 
much as the bulk of the sericin is thrown down during dialysis, 
and in no case is the solution entirely free from zinc, however 
prolonged the operation may be. On evaporating the solution to 
dryness, a yellow substance is obtained, which resembles colophony 
in appearance and is no longer soluble in water. 

Dilute alkalis diminish the gloss of the silk, and when 
moderately concentrated dissolve the material in the warm. 
Ammonia exerts no appreciable influence in the cold, and soap 
acts merely as a solvent of sericin, though, after prolonged exposure 
at boiling heat, the fibroin also is attacked. _ 

Silk is soluble in both ammoniacal copper oxide and ammoniacal 
nickel oxide, but differs from cotton in not being reprecipitable by 
additions of salt, sugar, ete. This solubility in ammoniacal nickel 
oxide—as also in zine chloride—-can be utilised as a quantitative 
test for silk in mixed fabrics, the following method being adopted, 
according to Richardson :— 

Twenty-five grms. of crystalline nickel sulphate are treated 
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with caustic soda to throw down the oxide, which is then care- 

fully washed and rinsed by the aid of 125 cc. of water into a 
250 ee. flask, which is filled up to the mark with ammonia (sp. gr., 
0°88), the liquid being then employed for treating the tissue under 
examination by boiling them together for ten minutes under a 

reflux condenser. The silk is completely dissolved, and the cotton 
loses 0°8 per cent. in weight.’ For silk and cotton goods the. 
following method is, however, preferable:— _ 

A solution is prepared of 1000 parts fused zine chloride and 
40 parts zinc oxide in 850 parts of water; and the fabric, after 
being boiled in this solution for one minute, is freed from zine by 
washing with hydrochloric acid (1 per cent. strength). Under this 
treatment 0°5 per cent. of the cotton (or 1°5 to 2 per cent. of wool, if 
present) is also dissolved. 

Wild Silk.—In China, Japan, and India, the home of the true 
silk-worm, there are also found insects belonging to the nocturnal 
peacock moth family, which not only have the same life history as 
the true silk-moth, but also furnish a very similar class of silk, though 
differing therefrom both morphologically and in point of behaviour 
towards chemical reagents. 

Although the manufacture of fabrics from the cocoons of wild 
silk-moths was practised in the aforesaid countries from the earliest 
times, it was only about 1860 that, in consequence of the silk-worm 
disease, the attention of European silk manufacturers was drawn to 
this material. | 

The chief reason for this is to be sought in the fact that the 
wild silk-worm makes several pauses when spinning the cocoon, the ~ 
consequence of which is that the cocoon is composed of several 
threads difficult to disentangle and therefore unsuitable for reeling. 
However, since Lister’s method of working up waste silk was applied 
to wild silk, the cocoons of these wild spinners have become an 
important factor in the European silk industry, plush and velvet 
in particular being now made in large quantities from this raw 
material. 

The main advantages of wild silk are—(1) Its greater durability, 
owing to the greater thickness of the threads, though, in con- 
sequence of the method of treatment pursued, the true silk threads 
are stronger in the finished fabric; (2) Greater cheapness and pro- 
ductivity, inasmuch as the wild silk-worms do not require to be culti- 
vated, but spin their cocoons on trees in the open. Moreover, the 
cocoons are larger and yield more silk than those of Bombyx mori, 
and many of them bring up several broods in a season (2-8), whilst 
Bombyx mori gives only one crop in the year. 

On the other hand, apart from the inferior regularity of the 
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cocoons, the wild silk-worms exhibit the disadvantage of furnishing 
a silk that is always more or less highly coloured and is very 
difficult to bleach. For this reason wild silk is mostly spun and 
woven in an undyed—natural—condition. There is, however, 

some hope that this difficulty can be surmounted, since, according 
to the observations of O. N. Witt, wild silk is always colourless 
when first formed, but is afterwards soiled By the secretion 
employed by the worm to moisten the spun thread. The colora- 
tion thus imparted depends on the plant on which the larva has 
been fed, and is darker in proportion as the plant is richer in bodies 
that furnish pigments on exposure to the air. Hence, if the worms 
during the latter stage of their existence be fed on plants incapable 
of furnishing such pigments (tannin, etc.), perfectly white silk will 
be obtained. 

On this point practical experiments on a large scale have been 
successfully carried out, Major Coussmacker having obtained per- 
fectly white cocoons in India by feeding the larve of Antherwa 

_mylitta in a suitable manner. This result is the easier of attain- 
ment in that, unlike the true silk-worm, the larve of the wild 
spinners are not restricted to one source of food MEN but easily 
stand a change of diet. . 

The chief wild spinners are— 
Antherea mylitta, which occurs all over India, and yields the 

most valuable of all wild silks, viz. Tussah silk. . 

The Eria spinner, Attacus ricini, met with in tropical Asia, also 

in North and South America, yields a very handsome, almost white 
product, that is daily growing in value. Special mention should be 
made of one individual of this tribe, viz. Attacus atlas, the largest 
known moth, which produces open cocoons, from which the so-called 
Fagara silk is obtained. 

Antherea Yamamai, the Japanese oak moth, furnishes a pale 
green, very handsome silk, which is the nearest to true silk in 
character, and is highly esteemed. 

Antherea Pernyi, the North China oak moth, yields a silk that 
is very largely exported under the erroneous designation of Tussah 
silk. 

Tussur or Tussah Silk.—This, being the most important and 
best known of all the wild silks, will be described more particularly. 

The moth (Antherea mylitta) from which this silk is obtained 
occurs throughout the whole of India and Southern China, and has 
been bred regularly in the former country from time immemorial, 
the industry being carried on by organised castes, and attended 
with numerous religious ceremonies. According to the Hindoo 
faith, the Tussah moth is the incorporation of the god Shiva; and 
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the silk-worm breeders must abstain from eating meat, washing, and 
shaving during the whole time the larve are growing and spinning. 

The Tussah cocoons are attached by their stems on to twigs, 
and are reeled, an operation that is very carelessly performed in 
India. Sometimes the cocoons are brought to Europe; but in that 
event are not reeled, being spun instead. 

Tussah silk exhibits all the aforesaid advantages and defects of 

the wild silks in. general. Chinese Tussah, which is frequently 
confounded with the Indian variety, is darker in colour and inferior 
in lustre and beauty. ; 

When examined under the microscope, Tussah exhibits a highly 
characteristic appearance, differing greatly from that 
of true silk (see Fig. 9), the fibres showing strong 
striation, and being apparently much constricted in 
parts. The very distinct striations are caused by the 
numerous very fine fibrils of which each fibre is com- 
posed. Unlike true silk, the fibre is not of circular 
cross section, but of elongated quadrilateral form. 

In presence of reagents, acids and alkalis in par- 
ticular, Tussah silk behaves very like true silk. It 
is, however, much more resistent than the latter, 

especially towards solvents, so that the two kinds of 
silk can be separated in a fairly accurate quantitative | 
manner. 

The other wild silks behave very much the same 
as Tussah silk. 

Byssus Silk.—This fibre, which morphologically 
and chemically is nearly allied to true silk, is the pro- 
duct of certain mussels which are found in Sicily, 
Sardinia, and Corsica, and spin a long silky thread, 
for the purpose of attaching themselves to the rocks 
at the bottom of the sea. 

This fibre is golden brown in colour, lustrous, 

soft, and elastic. In former times it was extensively collected, and 

employed in the manufacture of the highly prized Byssus garments ; 
but at the present- time it is not much used, its collection being 
attended with considerable difficulty. From a chemical point of 
view, it differs from other silks in that it merely swells up when 
treated with acids, alkalis, or ammoniacal copper oxide, without 
passing into solution. 

ANIMAL HAIRS. 

The skins of all warm-blooded animals are covered with a 

protective coating of horny cellular structures, which, in the case 
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of mammals, assume the form of hair, and constitute the feathers 

of birds. 
These structures are elaborated in special glands in the skin, 

and protrude through the epidermis in proportion as they increase 
in length in consequence of cell multiplication. 

Animal hairs are the most complex, morphologically, of all 
textile fibres, and, after silk, are the most perfect. In point of 

chemical behaviour and conduct in presence of reagents, they 
closely resemble silk, and therefore may be classed along with the 
latter in one group—that of the animal fibres as contrasted with 
the fibres of vegetable origin. 

Chief in importance among the animal fibres is— 

Sheep’s Wool. 

Wool is the name given to the fibrous substance secreted by the 
skin of the sheep, and forming the hairy covering or fleece of the 
animal. This covering is composed of several similar elements, whose 
anatomical structure exhibits different degrees of development. 

In the main the fleece of the sheep consists of body hairs and 
true wool hairs, the latter being thin, soft, and curly, and possessing 

the valuable property of felting, whilst the body hairs are thicker, 
darker in colour, and, for the outer third of their length at least, 

stiffer and sharply tapered. 

In a few parts of the body, on the legs and head, of the animal 
there occurs a third kind of hair, viz. bristles, least of all endowed 

with the valuable properties of sheep’s wool. 

The fine wools of commerce are chiefly composed of only one of 
the above classes of hairs, viz. either body hairs alone or solely of 
true wool hairs; whilst common grades, on the other hand, form 
mixtures of both. 

It is more than likely that the article we now regard as typical 
wool is not a really natural product, but one that has been gradually 
evolved in the course of many centuries of selection. Even at the 
present time there still exist two breeds of sheep, the Corsican 
moufflon and the argali, found in Asia and America, in whose 
hairy coats the valuable properties of sheep’s wool are merely 
suggested. Moreover, it can be clearly observed in the domestic 
sheep that improvements in the breed by suitable selection produce 
a corresponding improvement in the wool. Consequently the 
wools of the highest breeds consist almost exclusively of true 
wool hairs; though even in the finest wools may be found body 
hairs, which must be ascribed to atavism, zc. a reversion to the 

original type of hairy covering. 
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The circumstances influencing the quality of wool and the 
percentage of body hairs therein are exceedingly numerous, chief 
among them being race and climatic conditions. Thus, for instance, 
in the hot, dry countries of Central Africa the proportion of wool 
hairs, in even the best breeds of sheep, steadily diminishes, and 

that of the body hairs as regularly increases. Conversely, the 
climate of Australia is so excellently adapted for wool-growing 
that even the poorest breed of sheep will produce a good wool in a 
few years time there. 

Again, the fodder supplied to the sheep has a great influence on 
the quality of the wool. Grass from chalky soils produces a coarse 

wool; whilst that from rich, loamy soils gives fine silky fibres. 
Finally, the quality is influenced by the age and health of the 
sheep, and also depends on the part of the body on which it 
grows, 

It is worthy of mention that the sheep producing the finest 
wool yield poor mutton. 

Collection.—The wool of the sheep is mostly obtained from the 
living animal by shearing—an annual operation. The amount of 
wool furnished by an individual sheep, of course, varies consider- 
ably, and depends mainly on the breed and sex, the male merino 
yielding about 8 lb. at a shearing, the female only about 5 lb. 
Taking the general average, the yield per head varies from 34 lb. 
to 13 1b., though this is exceeded by some breeds—the Argentine 
ram, for example, occasionally producing a fleece weighing 40 Ib. 
and upwards. _ 

Wool that is cut from carcases or separated from the fells by 
liming, is known as tanners’ wool, and is always inferior to the 

shorn fleece, especially when obtained by liming. 
Historical, Commerce, and Statistics—In Western countries 

wool has been used from: very early times, whereas in Asia, the 
conditions being less favourable for sheep-breeding, the article has 
always played a less important part, though the hair of certain 
goats, distinguished for its special lustre, has been there woven into 
fine fabrics from time immemorial. 

The home of the sheep-breeding industry in Europe is Spain, 
where the indigenous merino sheep has been bred for its wool from 
very early times. In the Middle Ages the Spanish woollen industry 
was in a thriving condition, and the Moors devoted special care to 
the breeding of merinos. Subsequently the industry languished, 
but has recently revived: At first the Spaniards protected the 
breeding industry with extreme jealousy, and the exportation of a 
live merino sheep was prohibited under pain of death. This 
attitude, however, could not be maintained permanently, and, since 
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the year 1723, merinos have been repeatedly exported to other 
countries with beneficial results in every instance. Specially 
important for the breeding of sheep in Europe was the introduc- 
tion of the merino into Saxony in 1765, the Saxon Electoral breed 
now furnishing the thinnest and finest known grade of wool. ~ 

The introduction of sheep-breeding into Australia and New 
Zealand has been attended with the most successful results, 
Australia possesses no native breed of sheep, and it was only 
towards the end of the eighteenth century that the first sheep 
were sent over. The originally coarse, useless hair of these 
animals soon developed into good wool under the favourable 
influence of the Australian climate, and subsequent crossings of 
the breed with good English sheep brought about additional improve- 
ment, which was still further heightened by repeated crossing with 
merinos, so that at the present time the Australian sheep furnishes 

¢a wool ranking with the very best merino. 
In South America, also—especially in Chili and the La Plata 

States—sheep-breeding has long been pursued on a large scale; and 
in North America the cultivation of wool has latterly made great 
strides, and will probably ere long attain considerable importance. 

About fifty commercial grades of wool are known, chiefly 
divided into two principal classes—long and short staple, according 
to the length of the component fibres. To the latter class belong 
all wools measuring 1 to 14 inch in length, those between 34 
and 6 inches being classed as long staple. The latter are treated 
by the combing process, and are used for making worsted fabrics ; 
whilst the short wools are carded for spinning in the production of 
woollens. 

With regard to the wool production of the various countries, it 
must be admitted that, notwithstanding the increased activity in the 
woollen industry in Europe, the output of wool in that continent is 
on the down-grade, owing to the more favourable natural conditions 
prevailing in extra-European lands; and consequently the import of 
wool into Europe is constantly increasing. About half the total 
output of raw wool produced in Europe is grown in Russia. 

The trade in extra-European wool is almost entirely in English 
hands, though latterly a share of the trade has been acquired by 
Belgium. Accurate statistics of production in the several wool- 
growing countries are difficult to obtain, European wools being 
occasionally brought into the market in a-partly cleaned condition, 
whereas the extra-European article is always sent over in the 
grease (unwashed). The total production for the whole world may, 
however, be estimated at about 1,000,000 tons per annum. 

_As regards the woollen manufacturing industry, in this respect 
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Europe is far ahead of any other countries, and the chief place of 
all is occupied by Great Britain. 

Composition of the Fleece.—The term fleece is applied to the 
entire hairy coating of the sheep, including all impurities. It is 
composed as follows :— 7 ; 

Fibres. ness , . 15-72 per cent. 
Yolk (wool fat) . 12-47 _~ ,, 
Water. ; : , ; . 424  ,, 
Dirt . d-24  ,, 

In addition to the hairs already mentioned, the fibres contain 
shorn hairs, recognisable by their clipped extremities when viewed 
under the microscope. | 

Structure. Wool has the most complex and _ interesting 
structure of any of the tex- 

b C tile fibres hitherto men- 

tioned. 
When a fibre of wool 

is examined under the micro- 
scope it is seen to consist 
of three parts, distinguished 
respectively as the scaly 
epidermis, the cortex, and 
the medulla or pith. The 
outer scaly epidermis is com- 
posed of thin horny scales 
lying one above another like 
the tiles on a roof. In the 
finer qualities of wool a 
single scale is generally 
sufficient to entirely sur- 
round the wool hair, so 

| that the latter seems to be 

Fia. 10. formed of a number of cups 

set one within another 
(Fig. 10, 6), the upper edge of each scale being also generally 
projecting, ragged, and serrated. These scales form the chief 
external characteristic of sheep’s wool, and render its detection 
under the microscope an easy task. They are, however, not always 
so well developed as the specimen given in Fig. 10,0; being in 
many instances less clearly visible, and in some merely present as 
faint broken lines (see Fig. 10, a). In other cases they may even be 
entirely absent in places, as, for example, in the wool of several 
breeds of country sheep where the scales are invisible for some 
distance from the tip of the fibre, or in wool taken from a piece of 
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cloth which has been put through a finishing process that has 
stripped the scales off to a greater or smaller extent; and, even in 
some of the finest wools, the scales are occasionally very imperfectly 
developed near the tips. In’ the case of body hairs the scales are 
far smaller, and in no instance does a single scale surround the 
entire hair (Fig. 10, c). 

On the structure of these scales depends one of the most 
valuable properties of wool, viz. the felting or shrinking power. 
This is due to the circumstance that, when the wool is soaked in 

certain solutions (eg. soap), and subjected to pressure and friction, 
the individual scales engage one in another so that they can no 
longer be separated without breaking. On this behaviour is based 
the operation of fulling or milling woollen cloth. This explanation 
of felting property is in perfect harmony with the fact that body 
hairs, and, indeed, all other hairs with less fully poyeobes scales, 
are harder to full than wool. 

Two other properties of wool also depend on the nature and 
arrangement of the scales, namely, the lustre of the fibre and the 
degree of facility with which it will absorb water and dye-stuffs. 
Wool, with scales that either lie down flat or project only very 
slightly, always has more lustre than that wherein the converse 
conditions prevail. Some common grades of wool have very hard 
scales, which tightly encompass the hair and greatly retard the 
penetration of water and dye; such wools must therefore be well 
wetted before dyeing. 

The second or cortical layer of the wool fibre consists of small 
spindle-shaped cells which give the wool its strength. These cells 
are visible, when viewed longitudinally under the microscope, as 
long striations, especially when the wool has passed through the 

finishing process. 
Finally, the third or central layer, the medulla, is of far less 

importance than the other two, since it is entirely absent in the 
very best kinds of wool (merino). In fact, the dimensions of this 
medulla afford an indication of quality, since while the coarse body 
hairs have a broad medulla, and can thus be distinguished from the 
fine wool hairs under the microscope, the quality of the true wool 
hairs varies inversely with the amount of medulla they contain. 
The presence of this pith is a cause of weakness in the fibre, 
and therefore it gradually disappears in proportion as the wool is 

improved. 
Microscopical examination plays an important practical part 

in the case of sheep’s wool, since it forms the best means of 
distinguishing between the different kinds of wool, and also of 
differentiating between body hairs and true wool, the former being 
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readily recognised by their well-developed medullary layer and small 
scales. Tanners’ wool that has been removed from the pelt by 
liming can be detected by the presence of hair-root sacs, which 
are never found in the shorn fleece. Moreover, the microscope 
forms the best means of detecting the peculiar malady known 
as “stocks,” and probably due to mouldy growths, which infests 
wool or woollen cloth that has been stored for some time in warm, 

badly ventilated rooms whilst in a damp state, especially if this 
dampness be due to alkaline liquids or contact with decaying wood. 
The malady is most frequently encountered in woollens dyed 

with indigo, and generally takes the 

-. <= form of small light-coloured spots 
| i distributed over the surface of the goods. 

Hy ff The view that the mould eats away 
/ the dye is, however, erroneous, and 

it is really the fibre that is attacked 
| | hy and rendered brittle, the result being 

yA, | Wt Wh, that it drops away and leaves a spotty 

Hy) Hf Ny k. Wh h h - A il d | WY mark. en the corrosion has pro 

hi | RN /f ip ceeded sufficiently far, its effects on 
{ cd wi : the fibre are clearly visible to the 

naked eye; and if a portion be examined 
under the microscope, a very peculiar 
and characteristic appearance will be 
detected (see Fig. 11), viz. that the 
scales on some parts of the~ hairs, 
and especially at the tips, have dis- 
appeared, leaving the spindle-shaped 
cells of the cortical layer protruding like 
the hairs of a brush, whilst some of 

Fic. 11. them have become detached altogether 

and can be seen lying upon and be- 
tween the wool hairs. In other places they stick out from the 
side of the wool hairs like so many tufts. 

Some skill is, however, required in detecting this characteristic 

appearance, especially when the malady is only in the incipient 
stage, since shoddy and other wool substitutes present a similar 
picture under the microscope, though what is really seen in this 
case is the broken ends of fibres, and not the separate spindle cells. 

The malady in question plays an important and much dreaded 
part in the woollen industry, since the affected pieces can neither 

be properly dyed nor milled, and, besides, the goods are weakened. 
An equally characteristic appearance is exhibited under the 

microscope by wool corroded by alkalis, the wool being curled up 
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in horseshoe form when the reaction has been very strong (see 
Fig. 12), or merely turned round in the form of a crosier at the 

ends when a less powerful 
reaction has occurred. A 
similar corrosion of the fibre 
is often met with after the 

carbonising process, and, in the 

subsequent dyeing, gives rise 
to what is known as “soda 
spotting.” 

Finally, it is also occasion- 
ally possible to detect acid 
corrosion in wool by the aid 
of the microscope, the fibre 
being in such case more than 
usually striated, and in some 
places, the ends particularly, 
looks as though hacked to 
pieces. Unfortunately, the 
microscopic picture furnished 

by such wool is not very character- 
istic, and for this reason the formation 

of “acid spotting” due to carbonisa- 
tion cannot always be detected by the 
microscope test alone, although when 
the wool has been strongly corroded 
by acid the microscopic picture is 
characteristic enough (Fig. 13). 

Physical Properties.— Wool is a 

very hygroscopic substance, and can 
absorb a large proportion of water 
without becoming appreciably wet. 
This property is utilised by certain 
fraudulent dealers, inasmuch as they 
leave the wool in a damp place, or 
else sprinkle it with water, in order 
to increase the weight. For this 
reason it has become necessary to 
condition all parcels of wool. The 
toughest wool generally contains the 
largest percentage of water; in the 
case of unwashed wool, the amount 

of moisture is inversely proportional 
to the fat content. Although so hygroscopic, wool absorbs moisture 
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in large quantities far less rapidly than the other textile fibres, 
and therefore requires to be well wetted before dyeing, one to two 
hours’ boiling in water being necessary. 

In warm water wool fibre swells up, becomes soft, and, like all 
horny substances, plastic—ze. retains the shape into which it has 
been moulded. Several important operations in the finishing process 
for woollen goods are based on this property of the fibre, as well as 
on its high elasticity and felting power, | 

The lustre of wool varies considerably, the straight, smooth 
wools being mostly superior in this respect to the curly merino 
wools. Such wools, however, as have a glassy lustre are generally 
very hard and horny, and are difficult to dye, on which account they 
must be particularly well wetted. 

The colour also varies greatly in the different grades, the best 
kinds being white, the others yellowish, red, brown, and black. The 
dark-coloured wools are almost impossible to bleach, and are worked 
up in their natural shade to dark goods. 

Wool greedily absorbs acids, metallic hydroxides, and dye-stufts, 
more especially in the warm. This interesting feature will be fully 
dealt with in treating of mordanting and dyeing. 

Chemical Composition.—In the unwashed state wool consists 
of three parts—fibre, wool fat, and suint or yolk. 

The thoroughly cleansed fibre has the same chemical composition 
as horn and feathers—viz. the substance known as keratin, which 

is classed with the proteids. It consists of carbon, hydrogen, 
oxygen, nitrogen, and sulphur. 

The percentage values obtained for the constituents of keratin 
by ultimate analysis are worthless, since it is impossible to dry wool 
thoroughly without decomposition. It is, moreover, almost certain 
that what we regard as pure wool is not a uniform substance, since 
if even the purest wool be boiled in water, one or perhaps more 
organic substances and sulphur pass into solution. The organic 
matter thus dissolved gives precipitates with silver and lead salts, 
and is therefore probably of an acid character. 

_ If this boiling be repeated with fresh quantities of water, a 
point is at length reached when no further extraction occurs. 

-With regard to the part played by sulphur in the substance of 
wool, nothing definite is known. A portion of this sulphur can be 
extracted by solvents, and even, as already stated, by boiling with 
water, without altering the structure of the wool or its behaviour 
towards reagents; and it also appears to be in part contained in 
the soluble matter just referred to. Nevertheless, the whole of the 
sulphur cannot be extracted without producing structural modifica- 
tions, These considerations also explain the highly conflicting 
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analytical reports on the percentage of sulphur in wool, the figures 
ranging from 0°8 to 3°8 per cent. 

The presence of sulphur distinguishes animal wools from all 
other fibres, and may be employed as a means of differentiation 

between them, a black coloration being produced when wool is 
boiled with sodium plumbate. 

Wool Fat.—tThis, the fatty matter found in wool, is an 
accidental constituent of wool fibre, but cannot be entirely removed 
without spoiling the softness of the wool. 

Its composition is complex, and has been only partially investi- 
gated. It consists of cholesterin and isocholesterin, both in a free 

state and in combination with oleic acid, stearic acid, hyznic acid, 

etc. Free higher fatty acids, and other still unidentified substances, 
also appear to be present. Wool fat is therefore not a true fat, 
since it contains no glycerides. 

Suint or Yolk Under this name are comprised all the bodies 
that are eliminated from raw wool in the washing process, though, 

scientifically speaking, the term “suint” applies only to the fluid 
secretion of the skin of the sheep. The amount varies in different 
wools, and it is an accepted axiom that the larger the proportion of 
suint the better the quality of the wool. 

The extracted and dried suint contains 60 per cent. of organic 
matters and 40 per cent. of mineral substances. It consists chiefly 
of the potash salts of oleic acid and stearic acid, probably also of 
other volatile fatty acids; and, in addition, contains potassium 
chloride and the phosphates, sulphates, and silicates of calcium, 
potassium, iron, and magnesium, together with nitrogen in the form 
of ammonia salts and in the organic compounds. 

Both wool fat and suint are recovered from the waste waters of 
wool-washing establishments, and are utilised in various ways. (See - 

Wool-Washing. ) 
Chemical behaviour of Wool Fibre.—In the pure state woo 

fibre consists of keratin, which is classed with the proteids and has 
the character of an amido-acid, 7.e is both acid and basic. The 

presence of amido groups in wool has been proved by diazotisation. 
Even when stored in the damp, sheep’s wool is less subject to 

mould than vegetable fibres. On being heated in the dry state, 
wool undergoes slight decomposition, even at 120—125° C., attended 
with liberation of ammonia and slight yellowing; when heated to 
140—150° C., it also loses part of its sulphur, which is liberated in 

the form of sulphuretted hydrogen. 
The behaviour of wool on combustion and towards water has 

already been described, and it only remains to state that wool is 
far more resistent towards water than silk, though unnecessarily 
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prolonged boiling should be avoided, since this roughens the 
wool and lowers its tensile strength. It suffers far less when 
boiled in acidified water, the reason apparently being that pure 
water behaves like a weak alkali, and therefore dissolves out a 

(probably acid) constituent of the fibre. When heated with water 
to 200°C., under pressure, complete decomposition and solution 
occur. 

The effect of alkalis on wool has already been mentioned in 
part. Ammonia in the cold does not attack wool to any appreci- 
able extent, though some loss of substance occurs even when the 
ammonia is very dilute and the period of exposure brief. 

Ammonium carbonate has but very little effect on wool, and 
is for this reason the best detergent for this material. 

Lime acts less powerfully than the caustic alkalis, but extracts 
sulphur and renders the wool hard and brittle, besides making it 
more difficult to full. It is for this reason that. tanners’ wool is 

such an inferior material. | 
By the energetic action of barium hydroxide, a substance 

known as lanugic acid, possessing the general properties of wool, 
has been isolated from the fibre. 

Wool has a greater power of resisting dilute acids than is 
exhibited by any of the other textile fibres already mentioned, but 
suffers more or less corrosion when treated with concentrated acids. 
Thus, if carbonised wool be left for several weeks without neutral- 

ising the residual sulphuric acid from the carbonising process, it 
will be found to have sustained considerable alteration, evidenced 

by the abnormal loss in weight experienced on boiling it with 
water. Such wool also behaves in a peculiar manner when dyed, 
inasmuch as it will then readily absorb Methylene Green, for 
example, which is not the case with normal wool. Concentrated 

acids will dissolve wool completely. 
Concentrated nitric acid stains wool yellow, xanthoproteic acid 

being formed. This property is frequently utilised for producing 
false yellow selvedges in cloth. 

Chlorine or hypochlorous acid has a very powerful effect on 
wool, the latter absorbing up to 33 per cent. of the reagent, and suffer- 
ing an entire change of character, being stained brown, losing its 
felting properties, acquiring a hard feel, and in many cases assuming 
a silky appearance, Inasmuch as it scroops when compressed, and 
exhibits a greater affinity for dye-stuffs. 

However, an entirely favourable modification is produced in 
wool by the moderated action of hypochlorous acid; and practical 
use is made of this cireumstance—for example, in securing better 
development of the so-called steam dyes in the printing of woollen 
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piece goods. Latterly this reaction has also been employed in the 
production of the so-called “silk wool,’ a product exhibiting the 
above-mentioned properties of silk, and obtained by treating wool 
with an acidified solution of bleaching powder. (Full particulars 
of the method are given in the directions published by the Badische 
Anilin- und Sodafabrik.) 

Finally, it may be mentioned that true wool hair is dissolved 
by ammoniacal copper oxide in the warm, whereas body hairs, and 
hairs in general, are destroyed but not dissolved by this reagent. 

Goat Wool and Camel Wool. 

In morphological and chemical character these textile fibres 
are closely allied to sheep’s wool, and the particulars given with 
regard to that substance apply to them also. 

Mohair is the silky hair of the Angora goat, indigenous to 
Asia Minor, the climate of which country seems favourable to the 

growth of long silky hair, since the dogs, cats, and rabbits there 
found are all covered with hair of this kind. Latterly it has been 
found possible to acclimatise the Angora goat in Cape Colony 
also. . 

On account of its stiffness, mohair is used for making plush, 
and, by reason of its handsome lustre, it is also employed in fine © 
fabrics, for decorating cloth, and for fancy yarns in place of 
silk. . 

Under the microscope, mohair is distinguishable by remarkably 
broad and regularly distributed striations; the scales are thin and 
serrated. 

Cashmere, or Thibet wool, is the soft down of the Cashmere 
goat (Capra hircus laniger), indigenous to Thibet. It forms the 
material for the justly renowned Indian shawls, and, on account of 
its great softness, is also used in the European woollen industry, 
mainly for producing a nap on winter clothings. 

It is worthy of remark that this wool is more difficult to dye 
than that of the sheep. 

Alpaca, Vicuna, and Llama.—These fibres are furnished by 

camel-goats, of the Auchenia family, inhabiting the mountains of 
Peru and Chili. They are mostly of a red-brown to black colour, 
but are of only minor importance to the European textile industry. 

It should be noted that the commercial product known as 
vicuna or vigogne is not obtained from the vicuna, but is a 
mixture of wool and cotton; further, that an artificial wool, or 

wool substitute, is met with in commerce under the name of 

alpaca. 
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These exotic wools are frequently infested with a micro- 

organism (Bacillus anthracis), which produces the disease known 
as anthrax (wool-sorter’s disease) in man, and engenders a species 
of typhus in cattle and horses. Consequently the rooms where 
these wools are sorted should be well ventilated, and the sorters 

should wear respirators. 

Camel Wool.—On account of its strength and softness, camel 
wool has latterly been largely. used for making bedcovers and 
winter clothings. As it cannot be bleached, it is used either in 
the natural colour, or dyed dark brown or black. 

Cow Hair.—tThis fibre being cheap, and possessing a certain— 
though not considerable—amount of felting power, is now somewhat 
largely used in the manufacture of coarse blankets and bedcovers. 

Artificial Wool (Wool Substitutes). 

The first experiments on converting woollen rags into fibre 
suitable for spinning were made in England in 1845, the product 
being put on the market under the name of shoddy. This industry 
has increased to a very considerable extent, and, according to an old 
estimate made by Grothe, about 33 per cent. of the total wool 
manufactured consists of wool substitutes; .in fact, of all the 

samples of woollens examined by him, only 15 per cent. were free 
from such admixture. At the present time, the quantity of wool 
substitutes manufactured and used is far greater. Shoddy factories 
now exist in nearly every country in Europe, and it is therefore 
natural that all cheap woollen goods should contain wool sub- 
stitutes; in fact, many low-priced cloths consist of 70 per cent., 
and more, of such materials. On the other hand, they can only be 
used for the under wefts of worsted fabrics. 

There are several varieties of wool substitutes, the value of 

which stands in direct relation to the quality of the waste from 
which they are produced. The chief members of the series are the 
following :— 

Shoddy.—tThis is made of waste or rags from pure unmilled 
woollens, flannels, bedcovers, curtains, and also from knitted and 

twisted goods. The resulting fibres are about an inch long, and 
are sorted according to colour and fineness, vegetable fibres being 
eliminated by carbonising. 

Mungo is obtained from milled woollen rags, and being of much 
shorter staple than shoddy (4—? inch) is therefore of less value 
than the latter. 

Alpaca, or extract wool, is a long staple substitute from fine 
unmilled cloth waste, and generally contains a good deal of 
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vegetable fibres. The crux of the process, therefore, resides in 

the operation of carbonising. 
Thibet Wool substitute is recovered from light cloth waste. 
Cosmos Fibre.—This contains no sheep’s wool at all, being 

made of waste from flax, jute, and hemp fabrics; it also frequently 
contains fragments of hopbine, nettle fibre, etc. Belgium and 
North America are the sole centres of production. 

In addition to the foregoing adjuncts, use is made in the 
woollen industry of the short fibre obtained as a waste product 
in the shearing or cropping of cloth. This material is milled in, 
to the extent of about 20 per cent., on the under side of cloth, the 
operation being known as “impregnating.” It -can be detected 
under the microscope by the shortness of the fibres and by their 
truncated ends. 

Testing Wool Substitutes.—In most cases all that is requisite 
is to determine the amount of cotton present; but in a complete 
analysis the percentage of water and fat (the latter being usually 
added to facilitate spinning) must also be determined, and a 
qualitative test made for silk. ; 

Water is ascertained by drying a 5-10 grm. sample at a little 
over 100° C. 

The fat is estimated by extracting a dried sample with petroleum 
ether. 

The percentage of cotton is found by digesting a fat-free sample 
—of at least 10 grms.—for a quarter of an hour at boiling tempera- 
ture in 8° B. caustic soda. This dissolves out the wool, leaving the 
cotton behind for weighing after filtration through a linen cloth, 
washing out all the alkali with boiling water, and drying. 

Silk, which is occasionally present, need only be tested for 
qualitatively. This should never be omitted, since, unlike cotton, 

silk is not removed by carbonising, but remains behind in the wool, 
and will, by reason of its different affinity for dye-stuffs, cause 
irregularities in dyeing. The test is performed as follows:—A 
sample of the substance is dyed with logwood, which stains only 
the wool, leaving the cotton and silk almost unaffected and easily 
recognised by their lighter shade. A sample is then examined for 
silk under the microscope. 

Examining Fabrics for the Presence of Wool Substitutes.— 
With this object, a few fibres are cut from the fabric by the aid of a 
sharp knife and placed under the microscope, whereupon the wool 
substitutes will be recognisable by their shape and colour. That 
the form of these fibres will be different from ordinary wool can be 
readily understood when it is remembered that, in addition to the 
tearing process they have to undergo (in the case of shoddy and 
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mungo, at least), the wool substitutes have been through the finish- 
ing process twice over. Hence these fibres exhibit ragged ends, 
owing to the loss of the scales, and they are frequently also partly 
broken in the middle. As, however, wool hairs attacked by mould 
also exhibit a similar appearance, care is necessary to prevent 
confusion. 

Variety of colour is the best indication of the presence of 
artificial wool, since, although the different colours are sorted out 
in the making, this cannot be done with perfect accuracy, and 
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therefore the fibres of wool substitutes are usually many-coloured, 
unless, which rarely happens, the material is all white. Thus, in 
examining a red cloth, for example, if it be found to contain blue 
and green fibres as well, the presence of wool substitutes may be 
justifiably assumed. In the case of very dark coloured materials 
the colour should be first partly removed by boiling with a weak 
alkali or dilute acid before making the examination. 

Of course, in the case of coloured mixture fabrics, hairs of more 

than one colour (usually two or three) may be expected. To 
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prevent deception it is also advisable to examine the colour of 
the selvedge; blue cloths, for instance, generally have a yellow 
selvedge, and it may happen that a few hairs—almost invisible 
to the naked eye—from this selvedge will come off on to the cloth, 
which will then seem to contain yellow fibres in the microscope 
sample. In any event, the examination should not be confined to 
a single sample. | 

Sometimes the presence of wool substitutes can be indirectly 
determined by a qualitative examination of the ash left by the material 
on combustion. Thus, if the sample have been dyed with a Ponceau 
dye, and chrome be found in the ash, the presence of artificial wool 
is indicated, since these dyes are never fixed with chrome salts, 
and therefore the latter must have been introduced in a wool 
substitute. 

Conditioning.— As already stated, silk, being an expensive and 
also hygroscopic substance, has to have its actual weight deter- 
mined when sold. This operation is performed in official institu- 
tions, known as “ conditioning houses,” the modus operandi being 
as follows :— 

The parcel of silk is first weighed, after which samples are 
drawn, to the extent of about 1500 grms., from different parts of 

'the whole. The sample is divided into three parts, two of them 
being weighed to 4 grm. and then placed in the apparatus shown 
in -Fig. 14, where. they are dried, until of constant weight, by a 
current of air heated to 110° C. If the resulting weights agree to 
within 4 per cent., the average is taken, but when a greater differ- 

ence exists the third part of the sample is dried in the same way, 
and the mean of the three determinations is adopted. The standard 
commercial weight is found by adding 11 per cent. to the dry 
weight. In the case of mixed yarns of silk and wool the standard 
of permissible moisture is 16 per cent. of the dry es of the 
material. 

Conditioning houses of this kind exist in London, Paris, Lyons, 
Vienna, Crefeld, Zurich, Basle, Turin, Milan, Verviers, etc. 

Latterly the custom has arisen of conditioning both wool and 
cotton as well as silk, the work being done in just the same manner. 
The officially permitted percentages of moisture are as follow :— 

For worsted and worsted yarn . : . 184 per cent. 
For unwashed wool, woollen waste, combings, and carded 
yarn. : : : : ee ¥ ‘i 

For cotton and cotton yarns : : ‘ ae fe Pe ss 



CHAPTER II 

WASHING, BLEACHING, AND CARBONISING 

Washing and Bleaching 

BROADLY considered, any operation performed with the object of 
cleansing a textile fibre at any stage of manufacture or improvement 

may be included in this category; but, in their more restricted 
sense, washing and bleaching are terms confined to the cleansing of 
the textile fibres in their crude state in order to prepare them for 
the subsequent operations of dyeing, dressing, etc. Thus, in speak- 
ing of wool-washing, the first process of purification to which the 
wool is subjected before spinning is meant, and not the rinsing of 
dyed wool, for example. 

Corresponding operations are not always described by the same 
names in different branches of the textile industry ; and, conversely, 

the same term is differently applied. Thus the term “cotton 
bleaching” comprises the entire set of operations employed to free 
the cellulose from all natural and other impurities, whereas, in the 

ease of silk and wool, the term “bleaching” implies only the more 
restricted sense of the word, being confined to the operations effect- 
ing the actual decoloration of the fibre. Again, the first cleansing 
process applied to raw silk is not called “washing,” as in the case 
of wool, but is termed “ scouring,” or “removing the bast.” 

The means or reagents employed for cleansing the fibres also 
differ considerably, according to the nature of the fibres in question, 
the stage of manufacture, and the nature of the impurities to be 
removed. For instance, one would not attempt to cleanse animal 
fibres with caustic alkalis, and raw fibre must be cleansed in a 

different manner to that employed for the same fibre when dyed. 
Thus, raw silk is freed from sericin by washing with soap and soda, 
whereas dyed silk is merely rinsed with water alone, if at all. 

Raw wool is also washed with soap and soda; the same 
materials are likewise used, though in a different way, to. free the 
yarn from the oil applied in the spinning process, whilst the dyed 
pieces are merely rinsed with water or cleansed with soap or 
fuller’s earth. Raw cotton is freed from natural impurities by 

50 
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energetic treatment with caustic alkalis, soda, alkaline earths, etc., 

sometimes also with acids to remove size. When dyed, however, 
it is mostly washed with water alone, whilst printed goods are 
treated with soap, malt, ete. 

The present chapter deals solely with the purification of the 
raw fibres in their undyed state, the various washings subsequent 
to dyeing and printing being postponed to a more suitable part of 
the book. — 7 

The reagents employed may be divided into two classes— 
detergents and bleaching agents——the former comprising water, 
soda lye, ammonia, sodium carbonate, ammonium carbonate, quick- 
lime, magnesia, hydrochloric acid, sulphuric acid, soap, resin lyes, 

benzine, oil of turpentine, ete. 
The author takes it for granted that the reader is acquainted 

with the properties and examination of these materials, and will 
therefore confine himself to dealing with water, and that, too, 
merely from a textile point of view. 

Water plays an important part, not only in washing and bleaching, 
but also in the operations of dyeing and printing fabrics. Of the 
various substances that may be present. in water, the following 
alone are of interest to us, viz.— 

1. Solid matters in suspension ; 
2. Salts of lime and magnesia, which produce “ hardness ”; 
3. Other less common impurities, such as iron, humus acids, 

alkali carbonates, and sulphuretted hydrogen. 
Turbid water containing matters in suspension must be clarified 

before use, by filtration or settling. Another method of clarifying 
impure water is to boil it with bran and skim off the frothy scum. 

From the washer’s and dyer’s point of view, the most important 
defect in water is hardness, since hard water is unsuitable for either 

washing or dyeing. If such water be used for, say, washing textile 
fibres, the lime and magnesia present will be thrown down as 
insoluble soaps of these metals, and thus, not only is theré a 
considerable waste of soap, but the precipitated compounds adhere 
to the fibre and are liable to cause spotting. Therefore, to render 
hard water fit for use, it must first be treated with soda, to throw 

down a large portion of the alkaline earths, A more economical 
plan, however, especially when the water is to be used for scouring 
silk, is to first throw down the bicarbonates of lime and magnesia 

by simple boiling, and then add the soda. In this manner a saving 
of soda is effected and the water is more effectually softened than 

by the first-named method. 
For dyeing, only the so-called temporary hardness of water 

produced by the bicarbonates of lime and magnesia is injurious, 
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except where the dyeing of silk in a bast soap bath is in question, 
in which event the soap may also precipitate the lime and magnesia 
compounds, producing permanent hardness. | 

Temporary hardness may cause the precipitation of basic 
dye-stuffs and mordant dyes, the colour base being thrown. down 
in the first case, and the lime or magnesia salt of the dye-stuff 
in the other; «ce. with basic dyes the alkaline earth carbonates 
act by the alkaline reaction they impart to the dye bath, and 
in the other case by the formation of insoluble salts. In either 
event the use of hard water is attended with a loss of dye; 
this is specially noticeable in the case of dyeing with logwood 
and various alizarine dyes. 

Hardness in the water does not matter when acid dyes are 
used, or in mordanting wool, since in these cases acid baths are 

used; only when mordanting with cream of tartar does the water 
require to be corrected beforehand, since otherwise a portion of 
the tartar would be precipitated as calcium tartrate and _ lost. 
No harm is caused by hard water in mordanting cotton and 
silk; in fact, hard water is preferable to soft for fixing the 
mordant on silk. 

In order to fit hard water for dyeing, it is “corrected” by 
neutralising the contained carbonates with an acid, the amount 
required being ascertained by titrating a small sample—about 2 
litres—in a porcelain basin, with decinormal hydrochloric acid, 
using methyl orange as indicator. In practice, the acids used 
are acetic acid or sulphuric acid; oxalic acid cannot be recom- 
mended, since, though it precipitates all the salts of lime and 
magnesia in an almost complete manner, the pulverulent oxalates 

are liable to be deposited on the fibre, and are then difficult to 
wash off. 

It should be an invariable rule to use none but corrected 
water for dyeing, though when an acid dye bath is employed 
thé correction of the water is effected at the same time as the 
acidification of the bath. 

When the water has been corrected no precipitation of the 
dye-stuff will ensue from the alkaline earths, these being now 
in the state of acetates or sulphates, of a more strongly acid 
character than the mordant dye-stuffs themselves. 

Water containing iron or sulphuretted hydrogen cannot be 
used for dyeing except under special circumstances ; and ferruginous 
water is altogether unsuitable for bleaching. Water of this kind 
has a deadening effect on many bright colours, such as alizarine 
red, cochineal scarlet, ete. 

Water containing sulphuretted hydrogen may exert an injurious 
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influence when used in mordanting with metallic oxides which 
give insoluble coloured sulphides. 

Water exhibiting an acid or alkaline reaction, from the presence 
of humus acids or alkaline carbonates respectively, can be fitted 
for use by careful neutralisation. 

Purifying Waste Water from Dyeing and Bleaching Works. 
—This is too wide a subject to be exhaustively dealt with here, though 
a brief mention cannot be omitted. The best method to adopt 
in dyeworks is to run all the various bath liquors into a large 
collecting tank. Here the different mordants and dyes precipitate 
each other, the reaction being completed by an addition of lime. 
Ferrous sulphate may also be used for the same purpose in virtue 
of its precipitating and reducing action. 

For decolorising purposes, an addition of aluminium hypo- 

chlorite—a clarified mixture of alum and bleaching powder—is 
advisable, any excess of this reagent being rendered innocuous by 
adding ferrous sulphate. 

Bleaching Agents. 

By the term bleaching we understand destruction of colour, 
in the present case the natural yellow-brown colour of the textile 
fibres in their crude state. 

The requirements exacted of bleaching agents in practice are 
threefold—(1) they must really bleach, ze. convert the yellow 
colour of the crude fibre into a pure white; (2) they must not 
corrode the fibre; and (3) they must be cheap. 

Only two chief bleaching agents are known, and these at 
the same time may serve to represent the two groups into which 
these agents are divided: the first is oxygen, the other sulphurous 
acid. In the former case the bleaching effect is the result of a 
destruction of the colouring matter by oxidation; but in the 
second group the process cannot be expressed by a single word, 
and, moreover, has not yet been fully elucidated. However, to 

distinguish these bleaching agents from the others, they may be 

termed reducing agents. 
Finally, there are various other substances which impart a 

bluish white tinge to textile fibres; these, however, are not 
bleaching agents but colorants, their action being to mask the 
natural yellow colour of the fibre. Their description will therefore 

be postponed. 
(a) The Oxidising Bleaching Agents.—This class includes 

oxygen itself, ozone, chlorine, bromine, hypochlorites, peroxides, 
chromic acid in the form of potassium bichromate, permanganic acid 
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as potassium permanganate, and potassium ferricyanide. Whichever 
of these substances be employed, their action is invariably attribut- 
able to nascent oxygen. 

Chlorine acts only in the presence of water, perfectly dry 
chlorine having no bleaching action. The reaction 1s based on 
the decomposition of water and liberation of oxygen— 

Cl, + H,O =2HC1+0. 
Bromine acts in a similar manner. 
The hypochlorites act by the decomposition of the liberated 

hypochlorous acid into hydrochloric acid and oxygen— 

HClO = HC1+ 0, 

whence it follows that the activity of these salts can be increased 
by an acid setting the hypochlorous acid at liberty. 

The peroxides, and also potassium bichromate and potassium 
permanganate, when brought into contact with readily oxidisable 
bodies, undergo decomposition and liberate oxygen, which then acts 
as a bleach— 

H,O,=H,0+0; BaO,=BaO + 0, ete. 
K, nO, =k: 0 +Cr,0 eon 
K,Mn,O,=K,0 + 2Mn0 + 50. 

All these bleaching agents act more energetically than oxygen 
itself, because the oxygen they liberate is in the nascent state. 
In all cases the presence of water or moisture is indispensable for 
the performance of the bleaching reaction, perfectly dry oxygen 
having no oxidising power. 

Atmospheric Oxygen and Ozone.—The oxygen of the air is 
the oldest bleaching agent known, and is the active ingredient in 
the process of grass bleaching, which was formerly employed for 
cotton and linen, but is now almost entirely confined to the latter 
class of goods. Whether in this process the oxygen acts partly in 
the condition of ozone has not been definitely ascertained. 

The decolorising or discharging of dyed colours is also nothing 
else than a process of oxygen bleaching. 

In recent patented processes by Siemens and Halske, atmos- 
pheric oxygen is ozonised by an electric current, and in this form is 
used for bleaching fibres, principally linen. The operation is per- 
formed in a closed illuminated glass chamber, and is claimed to occupy 
only one-third the time consumed in the ordinary grass bleach. 

Some oils possess the property of absorbing atmospheric oxygen 
and, under the influence of light, converting it into ozone. Oil of 

turpentine is one of these, and, in addition, exercises a cleansing 
effect on textiles, especially in presence of water and an alkali; in 
fact, a mixture of ozonised turpentine and alkali has been recom- 
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mended as a bleaching agent by Depierre and Georgievics. The 
new product “ozonin” is prepared by allowing light to act for 
three days or so on a mixture of resin, turpentine, alkali, and 

hydrogen peroxide. It is claimed to bleach well even when 
diluted to 1 part per mil. ax 

Chlorine was formerly used for bleaching cotton, but the 
method never attained any practical importance. Latterly, this 
reagent has again been advocated by several, Breinl and Karrer 
having recommended it for bleaching cotton on the bobbin, and 
Leykham of Josefsthal for jute. The Brin’s Oxygen Company 
employs a mixture of chlorine and oxygen for bleaching. Finally, 
it may be mentioned that proposals have been made to intensify 
the bleaching action of chlorine by the influence of the electric 
current as applied to oxygen by the Siemens and Halske method. 

Bromine has been recommended for bleaching Tussah silk, the 
excess of reagent being afterwards removed by the aid of a sulphite, 
which, in turn, is eliminated by an acid bath. 

Bleaching powder, or “chloride of lime,” is one of the oldest 
and most important of the bleaching agents. When dissolved in 
water, it has the normal composition of a hypochlorite, corresponding 
to the formula Ca(ClO),. In the solid state it is credited with the 

ay. 3): , 
formula Ca CL 

Bleaching powder is the main bleaching agent used for all the 
vegetable textile fibres except jute; but, like chlorine or other 
hypochlorites, is unsuitable for animal fibres. It must be stored 
in well-closed vessels, in a cool place, since otherwise it undergoes 

rapid decomposition. 
Particular care is necessary in dissolving this reagent in water, 

it being essential to avoid heat, or decomposition will ensue. The 
solution should be perfectly clear and free from particles in sus- 
pension, since these would be deposited on the fibre to be bleached 
and produce “super oxidation,” ze. not only destroy the colouring 
matter of the fibre, but convert the cellulose into oxycellulose. As 
the latter has a greater affinity than the former for dye-stuffs, the 
result would be to form dark spots impossible to eliminate. In 
cotton-printing these oxycellulose spots turn brown when steamed, 
and the fibre exhibits more or less corrosion. If bleaching powder 
be treated with too much water at first it forms lumps that cannot 
be afterwards reduced. Consequently the powder, after being 
passed through a crushing mill, is first carefully mixed to a paste 
with a small quantity of water, and then treated with enough 
water to form the solution. It is advisable to use two stone tanks 
for this operation, the solution being prepared in the one and 
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poured, when clear, into the second, where it is reduced to the 

proper strength. The common practice of recording the strength 
of bleaching powder solutions in degrees of the Beaumé hydrometer 
is irrational, since whilst the useless substances present, such as 
calcium hydroxide, calcium chloride, etc., increase the density of the 
solution, the active free chlorine has the contrary effect. Hence 
the density is no criterion at all of the real strength of the solution. 
In fact, this can only be ascertained by chemical means, ¢.g. titration 
with potassium iodide, sodium hyposulphite, and starch paste. The 
proper strength of solution to use for bleaching depends mainly on 
the nature of the fibres under treatment, their capacity for resisting 
the action of bleaching powder varying. Cotton is the least sus- 
ceptible of all; nevertheless care is required even in this case. The 
“chemicking,” as the bleaching with chloride of lime is called, is 
the most risky operation of the whole bleaching process, because 
here the corrosion of the fibre is most likely to occur. In practice 
the strength of solution used varies from 0°2° to 24° B. 

When a fibrous material impregnated with dissolved bleaching 
powder is exposed to the air the bleaching effect is increased in 
comparison with the action produced when the same is merely left 
immersed in the liquid, the reason for this being that the hypo- 
chlorous acid is hberated by the carbon dioxide in the air. Fabrics 
impregnated with such a solution must not be exposed to direct 
sunlight, or the oxidising action of the bleach will be so strong as 
to corrode the fibre and reduce its strength. 

Moreover, it must be remembered that simple washing with 
water is insufficient to entirely remove the bleaching powder 
solution from the fibre, and consequently the material must be 
afterwards soured in an acid bath, or, in the case of household 

linens, treated with an “antichlor,”’ since otherwise the fibre will 

be more or Jess weakened in course of time. 
Finally, bleaching powder can be used in the manufacture of 

other hypochiorites; aluminium hypochlorite, for example, being 
prepared by treating bleaching powder solution with alum. 

Sodium MHypochlorite.— This compound is prepared for 
bleaching purposes by acting on bleaching powder with sodium 
carbonate— 

Ca(ClO), + Na,CO, = 2NaClO + CaCO,. 

This salt is gentler in its action than the lime compound, 
probably because the latter—-owing to the less ready solubility of 
calcium carbonate—is more easily decomposed by atmospheric 
carbon dioxide, and the liberated hypochlorous acid comes into 
action more energetically than in the case of sodium hypochlorite. 
For this reason no weakening of the fibre occurs in bleaching with 
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the sodium salt, though almost inevitable when bleaching powder is 
used. Another advantage of the former is that the acid bath, after 
bleaching, is dispensed with, the reagent being easily removed by a 
simple rinsing in water. 

Again, the bleaching process goes on better by simple immer- 
sion in the sodium hypochlorite solution than in the usual method 
practised when bleaching powder is used. Not only does sodium. 
hypochlorite form the most important bleaching agent for jute, but 
its use for cottons has grown more and more in favour of late—an 
extension that may be expected to continue to the entire suppres- 
sion of bleaching powder, owing to the ease with which the sodium 
salt can be prepared by electrolytic methods, the product being 
cheaper (provided motive power be available at a reasonable cost) 
and always obtainable of constant strength. 

Of the various methods for preparing “electrolytic chlorine,” 
only the process of Dr. Kellner will be described here. This 
inventor produces a cheap bleach by the aid of his special brush 
electrodes, which consist of a number of ebonite plates, fitted in a 

special manner with brush-like wires of platinum, which at the two 
end plates are connected to two common contacts leading to the pole 
of adynamo. The apparatus is enclosed in a prismatic box of ebonite, 
the lower part of which is shaped like a hopper and is fitted with 
the inlets for admitting the sodium chloride to be decomposed. 
The solution of the latter ascends between the several plates, 

forming the electrodes, and is split up into sodium and chlorine, 
the former acting on the water, and forming sodium hydroxide 
(caustic soda), with liberation of hydrogen, and then combining 
with the free chlorine to form sodium hypochlorite. There also 
occur certain subsidiary reactions, of both an oxidising and a 
reducing character, chiefly concerned with the formation of a 
chlorate and the re-decomposition of hypochlorite to chloride. 

In consequence of the chemical reaction produced, the solution 
issuing from the lateral outlets of the apparatus, and already con- 
taining active chlorine, has sustained an increase of temperature, 

and must, in order to prevent decomposition, be passed through a 
cooling coil to restore it to the original temperature, whereupon it 
is returned to the electrolyser. This process is repeated until the 
solution contains 1 per cent. of active chlorine, at which stage it is 

ready for use in bleaching. 
Ammonium hypochlorite has been proposed for bleaching Tussah 

silk; and aluminium hypochlorite and magnesium hypochlorite have 

also been recommended as bleaching agents. 
Hydrogen peroxide is the best bleaching agent, and can be 

recommended for all kinds of fibre, as well as for removing stains, 
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and for bleaching the hair. It possesses the great advantage over 
all its competitors, that it does not attack the fibre in any way; 
but it is too expensive for general use. Up to the present its chief 
application has been in the bleaching of wool, and here it exhibits 
the decided advantage of producing permanent decoloration, which 
was hitherto unattainable by the use of sulphur. Nevertheless, 
hydrogen peroxide alone is incapable of furnishing a perfectly pure 
white. | 

Hydrogen peroxide is met with in commerce as an aqueous 
solution, containing 1°5 per cent. of active oxygen, the solution 
being of 12 per cent. (vol.) strength. It is rather unstable, and 
must therefore be stored in the dark; an addition of glycerine, 
however, is said to increase its stability. The strength of the 
solution is ascertained by titration with potassium permanganate, or 
with potassium iodide and sodium hypochlorite. It should be as 
pure as possible, since impurities like alumina, baryta, magnesia, 
etc., may exert a catalytic decomposing action. For this reason it 
cannot be stored in metallic vessels. ; 

Alkaline solutions of this reagent are particularly unstable, and 
consequently these alone are employed in bleaching, the oxidising 
action being otherwise too slow. The modus operandi is as 
follows :—The commercial solution of peroxide is diluted with two 
to.ten volumes of water, and, before use, receives an addition of 20 

erms. of ammonia per litre (of peroxide). The strength depends on 
the nature of the material under treatment, the concentration being 
the greater in proportion as the latter is the more difficult to bleach. 
According to Prudhomme and Koechlin, an addition of magnesia, 
instead of ammonia, to the bleaching bath, is very favourable, 
because in such case heat may be applied owing to the formation 
of magnesium peroxide, which is difficult to decompose. The 
material to be bleached is either left in the liquid for about ten 
hours, or is merely impregnated therewith, the excess being wrung 
out, and the stuff left exposed to the air for some time. This 
treatment is repeated as often as necessary. 

The following method has of late been largely used for bleach- 
ing woollens, especially for mousselines that are to be afterwards 
printed :—The suitably cleaned goods are entered, full width, in a 
bath of hydrogen peroxide (diluted with two to ten parts of water, 
and containing an addition of ammonia), after leaving which it is 
rolled on a wooden roller and left for twenty-four hours, covered 
up with damp nettles. It is next washed, passed through a bath 
of 35° B. (diluted with two to ten times its volume of water, 
according to requirements, as determined by experiment for each 
class of material), then rolled up and left as long as before. On 
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unrolling the fabric, it is dried, passed through a weak acid bath 
(1° B. hydrochloric acid), and finally washed. This method 
furnishes an excellent white. . 

Attention must once more be drawn to the fact that solutions 
of hydrogen peroxide undergo decomposition when brought into 
contact with metallic vessels, and that such must therefore be 

avoided when this bleaching agent is used. If the goods are to be 
drained in the hydro-extractor, that vessel must therefore be lined 
with some material to prevent contact and the resultant spotting. 

Some years ago H. Koechlin devised a process for bleaching 
cotton with hydrogen peroxide. 

Sodium Peroxide.—This, the newest bleaching agent, is manu- 
factured by the Aluminium Company, of London, and is prepared 
by passing air—freed from carbon dioxide—at a temperature of 
300° C. over metallic sodium contained in aluminium vessels. 

The commercial product contains 20 per cent. of active oxygen, 
and is only recommended for bleaching animal fibres. Some pre- 
caution is necessary in its application, since it hisses and disengages 
considerable heat when dissolved in water; and if brought suddenly 
into contact with a large quantity of that liquid is liable to pro- 
duce an explosion. 

The best method of procedure is as follows:—The sodium 
peroxide is added by degrees, and with constant stirring, to the 
requisite quantity of water, and is then treated with sufficient 
sulphuric acid to neutralise the bath, which condition may be 
ascertained by the aid of litmus paper. This neutralisation is 
necessary to prevent corrosion of the animal fibre by the strongly 
alkaline sodium peroxide. Finally, the warmed bath receives an 
addition of 1 to 2 lb. of a 45° B. solution of sodium silicate to 
each pound of peroxide. 

The bath temperature and the duration of bleaching depend on 
the material. Silk should be bleached at 85—100° C.; wool at 
50-60° C., in one and a half to three hours, or even longer. The 

concentration of the bath liquor must be ascertained by experiment ; 
though, for wool ‘and silk, an average of 10 to 15 per cent. of 
peroxide, calculated on the weight of the material, may be used; 
and for Tussah silk, 20 to 30 per cent. 

Barium peroxide serves for bleaching Tussah silk, and was also 
recommended by Mullerus for bleaching cotton. In using this 
substance, however, the fact that it contains barium hydroxide—a 

strong alkali capable of corroding animal fibres—must not be 
forgotten; and it should therefore be washed with water before 
use. The commercial product contains 8 per cent. of active 
oxygen. 
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Potassium Permanganate.—This substance is a very powerful 
oxidising agent, and is frequently used for this purpose in the 
laboratory. It must be kept in closed vessels, away from the light, 
and its solutions are readily decomposed. 7 

Bleachers make use of this salt for treating wool,.jute, straw, 
leather, ete. the mode of application being as follows :—The 
material to be bleached is first treated with a dilute solution of 
lukewarm permanganate, until the colour turns to brown (formation 
of potassium manganate). In bleaching animal fibres this solution 
receives an addition of magnesium sulphate, which, by forming 
magnesium hydroxide (insoluble) and potassium sulphate, prevents 
the corrosion of the fibre otherwise resulting from the formation 
of caustic potash. To remove the brown coloration the material is 
next treated with a cold dilute solution of bisulphite, or a similar 
solution of sulphurous acid and borax (prepared by saturating 
dissolved borax with sulphur dioxide), and finally washing in slightly 
acid water, followed by pure water. 

Owing to its cheapness this method is largely used for woollens, 
but far less frequently than the sulphur process described below 
The permanganate method is very serviceable where stained woollen 
goods are to be treated with a view to render them fit for sale, if 
only as inferior goods. It is also useful in bleaching jute, and is 
actually employed for that purpose. 

Potassium Bichromate, in conjunction with sulphuric acid, has 
a very powerful oxidising effect, and is used for bleaching oils, 
straw, etc., though not for textile fibres. It has been recommended 

for jute, but is unsuitable, as it attacks the fibre. 
Owing to its property of destroying the colour of indigo, it is 

used as a discharge in blue printing (¥.v.). 
Potassium Ferricyanide has been proposed by Kassner as a 

bleach for textiles, and, as a matter of fact, its bleaching action 

is very powerful in alkaline solutions, potassium ferrocyanide being 
formed. Nevertheless, the only use made of this property at present 
is in discharging indigo. 

(6) The Reducing Bleaching Agents.—This class comprises 
free sulphurous acid, bisulphite, and hyposulphurous acid. 

The bleaching action of these substances is not yet fully eluci- 
dated, but is assumed to consist in a reduction of the pigmentary 
matter to its leuco compound, and in the combination of this latter 
to form a colourless substance. This hypothesis is apparently 
favoured by the fact that animal substances bleached with sul- 
phurous acid have a tendency to revert to a yellow shade, especially 
after being treated with alkalis, thus showing that the colour was 
not really destroyed in the first place, but converted into a colour- 
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less compound, which in time has become decomposed and allowed 
the original colour to reappear. 7 

This phenomenon is most clearly shown in the case of goods 
that have been bleached with free sulphurous acid. In addition 
to animal fibres, jute is often bleached by this class of reagent. 

Sulphurous Acid is used in three forms—as a gas, an aqueous 
solution, and as liquid sulphurous acid. The gaseous form is the 
one most in use, whilst the aqueous solution is the least adapted 
for bleaching, being always contaminated with sulphuric acid; the 
liquid (condensed) form is aimost entirely free from this impurity, 
and has been successfully employed in bleaching. 

Wool and silk are generally bleached with gaseous sulphurous 
acid in so-called “sulphur chambers,” which are spacious brickwork 
chambers, fitted with peep-holes for inspecting the goods, the latter 
being hung on supports inside. The sulphur is placed in iron pots, 
or in sunken brick pans, which can be fed from the outside. To 
begin bleaching, the sulphur is ignited, the doors, etc., are closed, 
and the goods left exposed to the sulphurous fumes. 

The quantity of sulphur used must bear a certain proportion to 
the size of the chamber, in order that a sufficient supply of oxygen 
for the combustion of the sulphur may be available. The volume 
of oxygen at disposal for this purpose can be readily calculated 
from the cubical capacity of the chamber, and a considerable 
margin in excess of the actual requirements must be allowed for 
in practice. Should the oxygen be insufficient for complete com- 
bustion, the sulphur ceases to burn, and sublimation readily ensues, 
with the result that the goods get stained with yellow patches 
that cannot be afterwards eliminated. To prevent this evil the 
wooden grid over the sulphur pans should be covered with lead 

and felt. 
The average consumption of sulphur required to bleach woollens 

is 6 to 8 per cent., or for silk 5 per cent., of the weight of material 
treated. The operation generally takes six to eight hours, but must 
be repeated three or four times, according to requirements. 

To prevent condensation and the consequent spotting of the 
goods by droppings, a number of heating-plates or steam-pipes are 
arranged under the ceiling of the chamber, and a chimney with a 
good draught is provided for carrying off the sulphur fumes after 
the bleaching is finished. 

The sulphur chamber should be entirely free from iron fittings, 
since the sulphur trioxide invariably produced when sulphur is 
burned unites with the moisture present, thus forming sulphuric 
acid, which would rust the iron. 

- Like all other bleaching agents, sulphurous acid requires the 
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-_presence of water in order that the reaction may occur at all; 
consequently the goods must be introduced in a damp state into 
the chamber. ; 

Light goods, especially those for printing, are bleached by the 
continuous process, the apparatus used being of the same type as 
the first steamer employed in calico-printing. In large works two 
sets of apparatus are mounted side by side; the goods are entered 
damp and are carried onward over rollers fitted with hardened lead 
pins. The passage through the chamber occupies ten minutes ; 
and light goods are put through twice, heavy articles three 
times. 

In addition to the more serious defect of the sulphur bleaching 
process, viz. yellowing, it is also attended with the following dis- 
advantages :—The sulphuric acid, always formed, retards the bleach- 
ing action of the sulphurous acid, and may also be a source of 
danger to cotton in mixed fabrics; and the process makes the 
wool harsh, though this can be remedied by a treatment with 
warm soap and water afterwards.. Nevertheless, owing to its 
cheapness and the beautiful white it produces, the sulphur method 
is still the one most largely used in bleaching animal fibres. 

Sodium Bisulphite (NaHSO,) is more generally used for bleach- 
ing on a small scale. There are two methods of procedure—either 
the goods are immersed in a solution of the bisulphite and hydro- 
chloric acid, or else they are treated with the bisulphite first and 
the acid after. The first is the one most practised, and, as a 
matter of fact, is equivalent to bleaching with an aqueous solution 
of sulphurous acid. The goods are left to soak for several hours 
in a weak solution of bisulphite, containing a corresponding 
quantity of hydrochloric acid, and are then washed, the process 
being repeated if necessary. When the bisulphite and acid are 
used separately, the goods are steeped for some time, ¢.g. overnight, 
in a fairly strong (about 20° B.) solution of bisulphite, after which 
they are passed through very dilute hydrochloric acid, and are 
finally washed with water. 

Hyposulphurous Acid.—This compound, which was first recom- 
mended for bleaching by Kallab, can be used in the same way as 
bisulphite, except that acetic acid replaces hydrochloric acid in 
acidifying the bath. 

In this case the goods may be blued at the same time as they 
are bleached, for which purpose they are immersed in water con- 
taining indigo in suspension, and are then transferred to the 
bleaching bath. After remaining in the latter for several hours, 
they are exposed to the air for a short time, and then washed 
with a weak solution of soda, followed with pure water. 
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Further particulars on the production of the hyposulphites will 
be given in the section on indigo-dyeing. 

Cotton-Bleaching. 

In the bleaching of cotton goods, the first question arising is 
the class of impurities present, and to what extent these are to be 
eradicated. In addition to the natural impurities, those artificially 
introduced—in the dressing process, for example—have also to be 
considered. A piece of cotton fabric coming direct from the loom 
will always be cleaner and differently bleached than one that has 
been used as a backing in calico-printing, and therefore contains 
mordants, dye-stuffs, etc., besides the natural impurities of the 
fibre. Again, goods that are to be dyed in dark shades will require 
different treatment to those intended for pink, light blue, or white. 

Finally, there arises the question whether the bleached material 
shall merely appear to be clean and white, or shall really be so. 
In the former event, the actual bleaching process may be dis- 

pensed with, the suitably prepared goods being blued, to mask the 
yellow colour of the raw cotton and turn the same into a fine, 
slightly bluish white. On the other hand, cottons to be afterwards 
printed must be bleached and cleaned in the most thorough manner 
possible, any residual impurities preventing the production of a 
first-class printed article. 

Another point that must be borne in mind in carrying out the 
various manipulations the goods have to undergo is the nature of 
the fabrics themselves. For example, curtains, lace goods, and 

similar light fabrics must not be subjected to any tension or rigid 
pressure in the machines, and for this reason they must be handled 
tenderly, boiled as little as possible, washed loose, drained by 

squeezing between rubber rollers in the wringer, and so on. This 
also applies to raised goods, in which materials the lay of the nap 
has likewise to be considered, z.e. the goods must always pass 
through the machines in one direction, that of the pile, and never 
the other way about. In bleaching these goods, the operation of 
liming may be omitted, the lime having a hardening effect on the 
fibre, and impeding the subsequent operation of raising. 

Formerly the bleaching of cotton was performed in such a 
manner that the goods, after a treatment with potash lye (from 
wood ashes) were decolorised by the action of atmospheric oxygen 
(“grass bleaching”), these two operations being several times 
repeated, and supplemented by a process of souring by immersion 
in sour milk. The bleaching process, under these conditions, lasted 
one and a half to three months in the case of cotton, and twice as 

long for linen goods. 

et 
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This primitive method contained the germ of the modern 
processes of bleaching, all of which, however highly developed, 
comprise the three main operations of treatment with alkaline 
reagents (the so-called “bowking”), the actual bleach, and the 
employment of acids. 

The substances to be removed from the fibre by bleaching are 
the natural and the adventitious impurities, the former comprising 
incrustating substances, fat, wax, yellow pigment, etc:; whilst the 

others include the dressing materials applied to impart greater 
stiffness to the fibre, and so facilitate the operations of spinning 
and weaving—these are mostly mineral substances—and also mor- 
dants, dye-stuffs, etc., in the case of piece goods that have been used 
as backing in calico-printing. 

It was quickly recognised that the first-named substances 
could be got rid of by boiling with alkaline reagents, and that 
the pigmentary matter of the raw cotton could be destroyed by 
means of bleaching powder, provided the greater portion of the 
mineral impurities had been previously removed. Consequently 
dressed cottons are either first steeped for some time in water, 
or, preferably, freed from the dressing by treatment with 
acids. 7 

By boiling with hme the organic impurities can be converted 
into compounds that can then be readily dissolved and removed by 
boiling with soda and resin soap, the action of lime therefore 
being merely preparatory, and not actually one of cleansing: as a 
matter of fact, the goods are far darker in colour after liming than 
they were at first. The chemistry of this operation is still 
involved in some obscurity; probably the lime decomposes the 
pre-existing fats to form a lime soap, and converts the other organic 
matters into saccharine compounds or aldehydes, this view being 
countenanced by the discovery of Thies, who found that cotton 
treated with alkaline earth acquired strongly reducing properties. 
The acidifying (“souring”) process after liming certainly decom- 
poses the organic lime compounds, and enables the liberated fatty 
acids and other organic bodies to be brought into solution by the 
subsequent boiling with soda and resin lyes. At this stage the 
goods are already almost perfectly clean, and their faint yellow 
colour can now be destroyed by a treatment with bleaching powder, 
the latter being then eliminated by the aid of an acid bath, followed 

by washing with water. 
The foregoing is a brief sketch of the modern bleaching 

process, which therefore consists of the following operations :—(1) 
Boiling with lime; (2) souring; (3) boiling with soda and resin 
soap; (4) bleaching with chloride of lime; (5) souring. 
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That each of the operations is succeeded by a rinsing in water, 
goes without saying. 

Latterly it has been found that the operations of boiling with 
lime and soda-resin soap can be advantageously replaced by boiling 
with soda lye. Many difficulties were, however, encountered in 

introducing this alteration. In the first place, the lye must be 
weak, because strong lye mercerises and also weakens the fibre. 
Keechlin proposed to aid the action of weak alkali by steaming the 
steeped goods, but this method damaged the fibre, and the proposal 
was therefore devoid of practical value. 

Nevertheless, it is possible to cleanse cotton in an excellent 
manner, without the slightest injury, by the use of strong soda 
lye. The credit of uniting the various factors here concerned into a 
technically »practicable method belongs to H. Thies and E. Herbig, 
who found that impregnation with alkaline earths protected the 
cotton from mercerisation during subsequent boiling with strong 
soda lye, provided the treatment were performed in the absence of 

-air, both in the kier and in the material. 

The cleansing action of strong lye is so complete that the 
Thies-Herbig process must be characterised as the most important 
improvement made in. the bleaching of cottons. Its value is 
further increased by the fact that it is also applicable to other kinds 
of vegetable fibres. 

In connection with modifications of the bowking process, it 
may be mentioned a sulphide is employed in France, and that the 
commercial product sold as “sel de soude antiseptique” seems to be 
a preparation of this kind. 

The proposal to add benzine and other detergent substances 
to the bowking liquor has not yet been adopted in practice. 

The actual operation of bleaching has not. suffered any im- 
portant alterations, notwithstanding the numerous proposals made 
from time to time; and, for the most part, bleaching powder con- 
tinues to be used, the method of application being that already 
described. It is, however, in many cases replaced with advantage 
by a purer form of sodium hypochlorite. 

To turn now to the details of the bleaching process, it may be 
premised that cotton is bleached, almost exclusively, in the condi- 
tion of yarn or cloth, the only exceptions being the bleaching of 
loose cotton for surgical wadding and jewellers’ wadding—the last 
named being usually dyed some delicate shade. The boilings 
necessary in bleaching would result in the entanglement and balling 
of the fibres if applied to the loose material, and the operation is 
therefore performed in the following manner :—The material is — 
first cleansed by a short boiling in a weak alkali, eg. a 3 per cent. 

5 
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solution of sodium silicate (water glass), and then bleached, if 
necessary, with hydrogen peroxide. When required for medicinal 
purposes, the cotton must be very slightly moistened with water, 
an object attained by very gradually drying the bleached material. 

Bleaching Cotton Piece Goods. 

The preparatory operations in this process consist of marking, 
sewing, gassing, and raising, Each piece is marked with a number, 
etc., so that it can be recognised after bleaching, the marking colour 
—generally coal-tar—being of a kind capable of resisting the 

bleaching agents used. 
Then the pieces are 
sewn together, end to 
end, so as to make 

the entire batch of 
goods into one long 
piece or band. Next 
follows gassing, the 
object of which is to 
singe off the nap 
fibres standing up 
above the _ surface, 

since these would 
otherwise give the 
bleached material a 
woolly appearance, 
and also cause incon- 
venience in printing. 

The pieces may be gassed one or more times, and on either or both 
sides, by passing them rapidly over red-hot plates or cylinders, or 
over a row of non-illuminating gas flames. 

In the case of plates, there is a difficulty in keeping them at 
uniform temperature throughout, owing to the eooling action of the 
cloth. This inconvenience is reduced in the cylinder machines, but 
the naked flame method is the best, especially for light goods. 

Occasionally, as in the case of flannels, mollinos, etc., the goods 

are raised before bleaching; this is generally confined to the under- 
side of the fabric though sometimes both sides are raised, 

Full Bleach with Lime and Resin Soap for Piece Goods. 
(100 Pieces of 65 yards.) 

1. Steeping.—The goods are steeped in water for twelve 

hours, or even longer; this softens the dressing and other impurities 
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present, and facilitates their solution afterwards. This preliminary 
steeping is, however, frequently omitted, especially when the goods 

are fairly clean already. On the other hand, if the pieces contain 
much dressing, or have been used in calico-printing—in which 
event they will generally be strongly contaminated with alumina 
—they will need steeping for some time in a weak solution of 
hydrochloric acid or sulphuric acid. 

2. Lime Boiling.—A milk of lime is prepared by mixing about 
x ewt. of quicklime with 100 gallons of water, and passing the 
mixture through a 
sieve. Through this 
mixture the goods are 
passed, and are then 
transferred to the 
bowking kier (Fig. 
15), an iron vessel 

fitted with a wooden 
grating as false bot- 
tom, which is covered 

with a layer of sack- 
ing and then with 
the band of goods, 
the latter being packed 
together as closely 
as possible, in order 
to prevent them from 
being displaced in 

the course of boiling, i 
and also to guard is 
against the formation yyy ect E 
of cavities or hollow  @2Q72Z Mle Ve 
spaces between the Fra, 16. 

layers, since other- 
wise the goods are liable to local overheating or scorching, The 

whole is next covered with wrappering, tamped down with rods, and 
covered with water, which is then raised to boiling- heat, and main- 
tained at that temperature for six to fifteen hours, the kier being 
closed, and the pressure kept up to three or four atmospheres. 
The duration of this lime boiling varies according to the class 
of goods and the pressure employed, light pieces being finished 
sooner than heavy ones, and high-pressure accelerating the operation. 

Apart from the various forms given to bowking kiers, they all 
contain, as a matter of principle, some arrangement for ensuring a 
continuous circulation of the bowking liquor (see Fig. 16). 
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When the operation is finished, the lime liquor is run off, the 
pieces being then swilled with water and transferred to a washing- 
machine (Fig. 17). The lime must not be allowed to dry on the 
goods, or it will become very difficult to remove. 

The washing machine used consists mainly of two wringer rollers, 
e, d, mounted on a strong frame, a, and driven by the pulleys, 0, ¢; 
also of the roller, 4, which revolves in the water, the grating, / 

(separating the hanks in the case of yarn), and the two porcelain 
orifices, 7, k, for the ingress and egress of the goods. 

3. Souring.—The goods are passed through a vat containing 
2° B. hydrochloric acid—sulphuric acid, though occasionally used, 

__ fb (a 
(iq [py . : | 

I 

Cc 

Fic. 17. 

is less suitable, the insoluble calcium sulphate then formed being 
more difficult to eliminate than the soluble chloride—and is then 
left, covered up so as to exclude the light, in a wooden vat for 
about half an hour; or else the pieces are steeped for four to five 
hours in very weak (about 4° B.) acid. After this they are 
washed. 

4. Boiling with Resin Lye—This operation is performed in 
the same manner as in lime boiling, and in similar kiers. The 
liquor is prepared by boiling 10 lb. of colophony with 30—40 
Ib. of soda and 20 gallons of water for about six hours. This 
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preparation is then diluted with about eight times its own volume 
of water, and the goods are boiled therein for about twelve hours, 
under a pressure of three atmospheres. After running off the 
liquor the goods are boiled with water, to remove the resin, and 
are finally well washed in the machine. If the goods were to be 
treated with cold water immediately after the resin boiling, the 
residual resin would adhere to the material and be difficult to 
remove. 

5. Bleaching (‘‘Chemicking ”).—The goods are impregnated 
with a clear, freshly made ?° B. solution of bleaching powder, and 
then left alone in a dark place for half an hour or an hour; or they 
are steeped for six hours in a 0°3° B. solution of the same reagent. 
In either case the treatment is followed by a good washing. 

6. Souring.—tTo eliminate the rest of the bleaching powder, 
which would render the goods friable in time, they are next passed 
through dilute (1° B.) hydrochloric acid, and left exposed to the air 
for half an hour; or they are steeped for several hours in a more 
dilute acid. Washing follows in either event. 

Full Bleach for Piece Goods in Soda Lye. 

1. The goods are steeped in water for at least twelve hours. 
2. They are next boiled for fourteen hours in 2—24° B. soda 

lye, without pressure, to prevent the impurities being fixed in the 
material. Washing follows. 

3. Souring, by immersion for four or five hours in 4° B. hydro- 
chloric acid, succeeded by washing. 

4, Second lye boiling, with lye of the same strength as before, 
for sixteen hours, but under pressure ; washing. 

5. Souring as before; washing. 
6. Chemicking. The goods are steeped for six hours in clear, 

freshly prepared 0°3° B. bleach liquor, and afterwards washed. 
7. Souring as before, followed by washing. 
If the goods are to be dyed with alizarine rose-red, they must 

be bowked with lime previous to the first lye boiling. 

The Thies and Herzig Full Bleach for Piece Goods. 
(30 cwt. of Cotton.) 

1. Souring, partly for removing the mineral impurities, partly 
for separating them from their organic combinations. An original 
feature in this method is the addition of a small quantity of hydro- 
fluoric acid, which increases the effect of the other acids and removes 

any silica present. The acid bath contains 10 grms. (1 per cent.) 
of 60 per cent. sulphuric acid, or 16 grms. of 30 per cent. hydro- 
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chloric acid, and 0°5 grm. of 75 per cent. hydrofluoric acid per 
litre. The cotton is steeped for four hours in its own weight of 
this solution, and is then exposed to the action of steam in a small 
steamer for about half a minute, and washed. When the goods are 
clean this preliminary treatment may be omitted.. 

2. The goods are steeped all night in a 4 per cent. soda lye at 
50° C., to remove adherent matter, dried sap, etc. If the stuffis very 

unclean this operation is repeated. 
3. The next process is washing in water containing an alkaline 

earth salt, which facilitates the removal of the alkali and deposits 
insoluble alkaline earth in and upon the fibres. Fifty grms. of 25 
per cent. magnesium chloride are taken per 1000 litres of water— 
z.e. 0'0005 per cent.—or correspondingly less in the case of hard 
water. The pieces are then put through a wringer, so as to leave 
in the material only about its own weight of water. 

4. Bowking in the kier by steam heat, at a temperature of over 
100° C. This takes up to two and a half hours, according to the 
size of the kier, and is performed as a preparation for the following 
boiling in strong soda lye. The latter being introduced in a hot 
state, the mercerisation of the goods is prevented, and the steam 

expels the air which would otherwise enable the strong alkali to 
corrode the fibre. 

Moreover, the conjoint action of the alkaline earth and heat on 
the impurities in the cotton results in the formation of reducing 
bodies, which are easily removed in the subsequent lye boiling, and 

besides counteract the oxidising action of the latter. 
5. The goods are suffused with hot lye, at a temperature ex- 

ceeding 100° C. This solution is prepared from 1 cwt. of 98—99 
per cent. soda, causticised with lime and diluted to 110-120 
gals., 20 lb. of resin being then boiled therein. This gives a lye 
of about 5—7 per cent. strength. The specified weight of cotton 
occupying a space of about 140 cub. ft. this quantity of lye 
will only be just sufficient to thoroughly impregnate the material. 
In the older methods the use of strong lyes was prohibited for 
economical reasons, since to cover the goods requires about 2—3 
times their own weight of lye. i 

The circulation of the lye and steam is maintained by the 
pump, d (Fig. 18), which draws and delivers them into the vessel, ¢, 
thence into the heated vessel, b, from which they return to the kier, 
a, where the goods are situated. The vessel, c, contains a perforated 
pipe, e, through which a part of the steam escapes into the open 
air at f, thus compensating for the dilution produced by the 

« saponification process within the vessel, and maintaining the uniform 

strength of the lye. = 
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At the end of about three hours, the goods are washed with 
boiling water in the kier. 7 

6. Chemicking.—This operation is performed with bleaching 
powder as usual, or with pure sodium hypochlorite, the only 
difference being that the liquors are merely one-third the ordinary 
strength. 

7. Souring, as in the first operation. 
The principal advantages of the Thies-Herzig process consist in 

a saving of about 40 per cent., as compared with the ordinary 
method (lime and resin soap), more rapid performance, absolute 
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purification and unimpaired strength of the bleached goods. Indigo 
blue can be more readily discharged than pea when the goods 
have been bleached by this method. 

Whichever method of bleaching has been employed the goods 
are afterwards loosened in a machine, then spread out and _ hot- 
calendered, or tentered, if necessary, after which they are sorted and 

shorn. The latter operation is performed in order to remove the 
nap from the surface of the cloth, the short hairs composing same 
being first raised by brushing and then cut off by revolving cutters. 
A final brushing completes the process. Of course this operation is 
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omitted in the case of goods in which the pile constitutes an 
essential feature of the weave. 

Bleaching causes the goods to lose 8—14 per cent. in weight, 
and even a loss of 20 per cent. is not extraordinary 

In order to obtain perfect results, every stage of the bleaching 
process must be supervised with extreme care, the more so because 
a batch represents a considerable sum of money. The progress of 
the operations is checked by taking samples at intervals and dyeing 
them with alizarine, this test revealing any spotting produced by 
lime, resin, or bleach. The latter, due to the formation of oxy- 

cellulose, can be also detected by dyeing with methylene blue. 
The bleached goods are washed out in separate machines and 

stored away from possibility of contact with chemicked or soured 
pieces. Great care must be taken to avoid rust stains, these forming 
the most unwelcome of all the bleacher has to fear. With this 
object the kiers must be kept perfectly clean; no accumulations of 
liquids must be allowed to collect in the steam and water-pipes, etc. 
Should they occur, these stains may be taken out with oxalic acid. 
Dye stains, such as the alizarine red on backing pieces from the 
calico-printers, can be discharged by bleaching with potassium 
permanganate. 

Full Lye Bleach for Yarns. 

1. The goods are steeped in water for about ten hours, but if 
the yarn be fairly clean this may be omitted. 

2. They are next boiled for fourteen to sixteen hours in lye of 
2—24° B. strength, followed by washing. 

3. The next stage is souring, by several hours’ immersion in 
4° B. hydrochloric acid, succeeded by washing. 

4. Chemicking. The goods are steeped for about five hours in 
a 0°15—0°2° B. solution of bleaching powder, and then washed 

5. Second chemicking in the same way. 
6. Second souring, as before. 
7. The yarn is softened by steeping for some time in a hot 

solution of soap, and is then washed once more. 

This method is very similar to that employed for piece goods. 
Modifications of the process are practised in some places, and 

occasionally the other methods described are applied to yarns, 

Partial Bleaching. 

As already stated, it is not always necessary to fully bleach 
cottons, this being done only when the goods are to be dyed in 
light shades or printed, whereas for dark shades of dyed goods 
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bleaching would in many instances be a superfluous operation, and 
one likely to injure the colour in the case of Turkey-red dyeing. 

Cottons for half bleaching are bowked with lime or soda, 
soured, and washed. Yarns are boiled, without pressure, in a very 

weak soda lye, and then boiled off and rinsed ; occasionally a simple 
boiling in water is sufficient... Goods to be dyed with aniline black 
do not require any cleansing at all. 

White goods are first boiled with alkali, then chemicked, and 
blued with ultramarine. In the case of piece goods, this is done in 

the dressing process, but with yarns the ultramarine is applied in 
suspension in a warm soap bath. Latterly, however, owing to the 
ease with which irregularities occur in blueing with ultramarine, this 
pigment has frequently been replaced by methyl violet applied in 
an alum bath. 

Out of the many methods proposed for bleaching cottons, the 
following may be mentioned :— 

G. Hertel’s Bleaching Process (German patent 75,435, 

30/3/93).—The material to be bleached is impregnated with a 
4-10 per cent. solution of Turkey-red oil (according to the desired 
effect), the excess being removed by wringing or draining in the 
hydro-extractor, and the goods boiled with 1:°5-2 per cent. of 
caustic soda for six hours under pressure, after which they are 
rinsed, slightly soured, washed, lightly soaped, rinsed, and dried. 

This method is claimed to be specially suitable for yarns to be 
dyed rose-red by the Erban and Specht process, and also for Mako 
cotton, which hitherto could not be bleached except by the aid of 
very strong chemicking baths. 

In France (Rouen, for example) such cottons as are to be dyed 
in delicate shades are cleansed by boiling with lye and a sulpholeate. 
A product of this kind is sold under the name “ Fankhausine,” and 
is possessed of certain advantageous properties in that it readily 
moistens the cotton; the duration of boiling is reduced to one to 
four hours, and the bath may be allowed to cool down while in use | 

_-——a condition impossible with the ordinary process. For goods that 
are to be dyed with basic dyes, the Fankhausine treatment can be 
applied at the same time as the tannin. 

The Mather and Thompson Continuous Bleaching Process. 
—The characteristic features of this process are that, after certain 
preparatory treatment, such as lye boiling, souring, etc., the goods 
are passed continuously over a series of rollers, and also through 
a chamber filled with gaseous carbon dioxide for the purpose of 
liberating hypochlorous acid and thereby increasing the activity of 
the bleaching powder. The goods are passed in succession through 
warm water, bleaching powder solution, the carbon dioxide chamber, 
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cold water, warm. soda solution, water, a second chemicking bath, 

carbon dioxide gas, water, dilute hydrochloric acid, and, finally, 

water. 

Electrolytic Bleaching Process——The method is usually 
associated with the name of Hermite, who was the first to propose 
the preparation of a bleaching liquor by the electrolytic decom- 
position of magnesium chloride. The most important features of 
the process have already been described in dealing with sodium 
hypochlorite. 

Linen-Bleaching. 

The bleaching of linens is conducted on the same principles as 
in the case of cottons, the impurities being removed by boiling with 
lime or soda, and the colouring matter by the aid of bleaching 
powder. : 

The fibres are, however, more difficult to decolorise than those 

of cotton, owing to the larger quantities of impurities present, the 
amount and quality of which depend on the method. of retting 
pursued. Consequently, this last-named process should be per- 
formed with special care. 

Moreover, flax fibre is more susceptible than cotton, and on this 
account the various reagents must be used in a weaker condition 
and applied over and over again. The chief cause of the difficulty 
in bleaching flax resides in the brown substances, known as pectin 
bodies, contained in the fibre, since they cannot be destroyed by the 
unaided action of bleaching powder, but require the assistance of 
the grass bleaching process. Apparently these bodies are not 
destroyed by the bleaching agent, but are merely converted into a 
form more soluble in alkalis. A single vigorous treatment with 
bleaching powder does not suffice to remove the pectin bodies; 
neither is this treatment advisable, as it would certainly attenuate 
the fibre. The conversion of the pectin bodies into a soluble form 

is therefore a matter of repeated attacks with bleach, assisted by 
interposed treatments with alkaline baths, and supplemented by 
grassing. 

Apart from the repetition of the various operations and the 
recourse to grassing, the process of linen-bleaching differs from that 
for cotton in that the goods are kept in motion during the treat- 
ment in the chemicking bath, and are subjected to friction between 
two fluted boards in order to get rid of particles of the adherent 

brown matter. | 

Flax is bleached either as yarn, twist, or in the piece, and the 
process is divided into four classes—quarter, half, three-quarters, and 

ull bleach, according to the degree of purification produced. The 
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loss in weight ranges up to as much as 18 per cent., or occasionally 
as high as 25 per cent., and ends at the half-bleach stage. The 
entire operation takes about three to six weeks. 

The boiling is effected in open and in low-pressure keirs; the 
chemicking and souring are performed in a special manner, viz. 
in a series of (usually) three stone or wooden tanks containing 
respectively dissolved bleaching powder, water, and dilute hydro- 
chloric acid. The yarn is suspended on pegs, which are mounted on 
a frame running on rails over the top of the tanks. Sometimes the 
pegs supporting the yarn are fitted with cog-wheels which engage 
in one another and cause the yarn to turn round and round in the 
bath liquor. | 

After a short time the entire frame is lifted out of the bath and 
transferred to the next tank, where the yarns are washed. In the 
same manner they are conveyed to the third tank, where they are 
soured, and are finally washed in a fourth vessel, or returned to the 
second tank for that purpose. 

Piece goods are first moved about in the chemicking liquor for 
some time, and then left to steep therein, though more usually the 
movement is continued and extended over a longer time. 

For grassing, the yarns and piece goods are. spread on the grass 
in summer, and turned at intervals; in winter they are hung on 

sticks or frames. Naturally, the bleaching action is stronger in the 
summer, and becomes apparent after the lapse of only a few hours. 
Begemann proposed to expedite grass bleaching by first slightly 
blueing the goods with indigo, in order to ensure the absorption of 

the more active blue light rays as well as the yellow ones. 
Well bleached linens should be white all through, and should 

not stain when treated with an alkali, such discoloration indicating 
imperfect removal of the pectin bodies. 

The details of linen-bleaching naturally vary in different 
localities. The following description applies to the method as 
pursued in Silesia :— 

Full Bleach— 
1. Boil for nine to ten hours, or longer, according to quality, 

with 10 per cent. of soda, under gentle pressure. 
2. Chemick with a bleaching powder solution, containing 4 per 

cent. of active chlorine; wash and sour. 

3. Treat in hot (50° C.) soda solution in an open kier; wash. 
4. Grass for two to three days (in summer), turning once. 
5. Chemick for several hours in a weak solution of bleaching 

powder, evolving only an almost imperceptible odour of chlorine. 
6, 7, 8. Repetition of 3, 4, and 5. 
9. Weak soaping in circular vat, the soap solution being 
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admitted automatically, flowing through the yarn, collecting under- 
neath, and returning to the goods after passing through an upcast 
pipe. 

For quarter-bleach the operations are restricted to Nos. 1 and 2, 
in addition to a boiling with soda. 

Piece goods are treated in the same manner, , except that the 
operation commences with a lime bowking. 

It should, however, be borne in mind that working on any 
invariable lines is an impossible matter in linen-bleaching, the 
method of treatment being wholly dependent on the quality of the 
goods and on the effect to be obtained. 

Jute-Bleaching. 

Almost every known bleaching agent has been tried on jute, 
from which circumstance it will be evident that a perfectly satis- 
factory method of bleaching this fibre has still to be discovered. 

As a rule, the work is confined to a bleaching in the restricted 
sense of the term, sodium hypochlorite being chiefly used. Under 
these conditions a supplementary treatment with dilute bisulphite 
will prove beneficial. 

The method of bleaching jute by alternate treatment with 
potassium permanganate and bisulphite, though rather expensive, 
furnishes good results, and the loss in weight is small. 

Jute, being very susceptible to the action of alkalis, should only 
be treated with such as are of a very mild character, like sodium 
silicate, borax, ete. 

However, this fibre is generally used in an unbleached condition, 

either in its natural colour, printed, or dyed (or both). 

Hemp-Bleaching. 

Great difficulty is experienced in bleaching hemp in a thorough 
manner, and the fibre is generally used in the unbleached state; in 
fact, only the yarns intended for making up into string are bleached, 
the operation being effected by the aid of bleaching powder after a 
preliminary cleaning with sodium silicate. 

Ramie-Bleaching. 

As already mentioned, the process used in Europe for bleaching 
ramie is almost identical with that employed for cotton; only, in 
the chemicking especially, greater care is necessary to ensure the 
protection of the fibre. 
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Scouring and Bleaching Silk. 

The purification of silk consists in removing the sericin and 
colouring matter present in the raw material. As, however, these 
mainly reside in the bast layer, all that is necessary in most cases 
is to get rid of this latter by the operation known as scouring, or 
decorticating. 

The bast layer gives the silk a hard, rough character, which 

prohibits its use in a raw state, except in very few instances. As 
a rule, silk is desired to exhibit all its valued properties, such as 
softness, lustre, etc., and on this account must be freed from the 

bast, the more so because raw silk cannot be dyed so permanently 
as when scoured, the reason for this being that the dyes are then 
absorbed by the bast, which afterwards yields them up more readily 
when washed. 

Removing the bast entails considerable loss in weight, amount- 
ing to 18—22 per cent. in the case of Chinese and Japanese silks, 
and 25-30 per cent. in European silks. On this account it is 
often customary to only scour the silk to such an extent that the 
loss amounts to about 6—8 per cent., the endeavour being at the 
same time to impart to the product a portion at least of the valu- 
able properties of scoured silk. The resulting product is known as 
“souple” silk, and is used as a weft. In treating this article, the 
fact that it will not stand warm soap or alkaline baths must be 
borne in mind; in fact, if only left to lie in a moist condition, it 

sheds part of its bast layer spontaneously, this effect being recog- 
nised by the formation of lustrous spots. It must therefore be 
either dried at once, or else dyed and dried; should immediate 
dyeing be impracticable, the silk must be left in water. 

The silk is scoured in hank form, as grége silk, or also after 
weaving, the operation being performed by the aid of soap and 
soda. True, soap alone is best, and that too of good quality, 

devoid of free alkali or smell, and being readily soluble so that it 
ean be afterwards easily washed out of the silk. Potash soap is 
better than soda soap for this purpose; and, in fact, soda does not 
form a good addition to the scouring bath, owing to its tendency to 
make the silk harsh. However, for the sake of cheapness, a 
mixture of soap and soda is frequently used, and the cheaper souple 
silks are even scoured with goda alone. 

For better qualities it is essential to employ nothing but soap, 
an addition of soda being inadmissible, except for the purpose of 
softening the bath water, since the lime soap, otherwise formed, 

would be deposited on the fibre and dirty it, or at least spoil its 
‘sheen. It is therefore necessary in scouring silk to entirely prevent 
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any deposition of lime or magnesia soap on the fibre. Should the 
raw silk not be entirely free from mineral matters (eg. dust) it is 
advisable to wash it, first in slightly acid water and then in pure 
water, before scouring. The same consideration must also .be borne 
in mind in washing the silk after scouring. 

Two scouring baths are generally required : the one containing 
25 to 30 per cent. of soap, the second 20 per cent., calculated on 
the weight of raw silk treated.' The grége is ee in the first 
bath for about ten minutes or longer, according to the quality, at a 
temperature rather below 100° C. The bast swells up, making the 
silk sticky, and then dissolves, leaving the lustrous internal thread 
of the silk exposed. A sojourn in the second soap bath then 
completes the removal of the bast. Silk that is to be dyed in 
delicate shades is passed through a third soap bath, and finally 
rinsed with fresh water. 

The first bath can be used seven times over, but will then be 
so full of sericin as no longer to be applicable for this purpose, 
though suitable for use as “bast soap” in silk-dyeing. The second 
bath, which contains a smaller proportion of sericin, is advanced to 
the dignity of first bath, a fresh solution being prepared in its 
place. 

Of course it is not feasible to treat all kinds of silk in exactly 
the same way, some being more easily freed from bast than others; 
and in point of their ability to stand the action of the scouring 
baths considerable differences exist, Milanese trame silk being 
particularly ticklish to handle, In fact, this silk must not be left 
in the bath more than ten minutes, and, should the bath liquor 
contain any pre-existing sericin, the silk will be rendered “lousy.” 
Such silk exhibits, when dyed, numerous light patches, due to 

disintegration of the silk thread; the appearance may, however, 
be improved by treatment, first with soap and afterwards with 
weak hydrochloric acid. 

In the case of loaded silk, the removal of the bast is almost 

impossible to effect in a satisfactory manner, owing to the inevit- 
able formation of metallic soaps. Before proceeding to the ~ 
scouring process a portion of the loading materials has therefore 
to be eliminated by treatment with acid. 

After the silk has been scoured it is stretched, chevilled 

(smoothed), lustred, bleached, loaded, and dyed. ‘The first three 

1 The following recipe from a practical source may be cited as an example of other 

methods of scouring silk. The silk is treated for three to four hours at 70-80° C. in a 

bath containing 6 parts, by weight, of Marseilles soap and 1 part of soda per 1000 parts 

of water—the latter previously softened—after which the material is washed, soured 
with weak hydrochloric acid, and rinsed. 



ee ee rr ee en 

HALI-SCOURED OR SOUPLE SILK 79 

operations are performed with the object of rendering the silk as 
soft and lustrous as possible. Stretching consists in repeatedly 
pulling back the silk threads when stretched taut between two rods, 
and is effected either by hand or in a machine. 

Smoothing is effected by winding the silk upon itself, by hand 
or in a machine, whereby the separate threads are smoothed by 
mutual friction. (Machines for this purpose are illustrated in 
Knecht, Rawson, and Loewenthal’s Handbook of Dyeing.) 

Lustring or glossing consists in imparting the maximum lustre 
to the silk by a combined process of stretching and steaming. 

Bleaching is only practised when the silk is required to be 
white, or to be dyed in very light shades. Sulphurous acid is 
the agent employed, and the method has been already described 
in dealing with that reagent. 

Loading.—In the case of white or very light-coloured silks, 
a dressing of tin chloride (see Chap. III.) is applied before dyeing, 
but dark-coloured silks are loaded in the dyeing process or after- 
wards, by the aid of tannic acid. 

Scouring silk in the piece is a method increasing in favour on 
account of the advantages resulting from weaving the threads in 
an unscoured state. For example, raw silk is better able to stand 
friction, and is more elastic than when scoured, so that it is less 

hable to break in the loom; and again, the almost inevitable 
dirtying to which the threads are exposed in weaving is merely 
superficial in raw silk, and is readily removed in the subsequent 
scouring. ; 

The operation is performed in a continuous manner by passing 
the pieces, full width, over rollers and through vats containing hot 
solutions of soap and soda (eg. 6 parts of soap and 1 part of soda 
per 1000 parts of water); they are heated first to 70-80° C., then 
to 100° C. The operation takes a half to three-quarters of an 
hour, or sometimes longer. 

Half-silk goods are scoured in the piece exclusively, and must 
be gassed beforehand. MHalf-silks to be dyed dark shades contain 
raw (unbleached) cotton, and therefore, except when the proportion 
of this is very small, the goods must be put through a strong 
scouring bath (containing 3—5 per cent. of soda, calculated on the 
weight of the goods), the operation in this case lasting one and 
a half to two hours. 

Half-Scoured or Souple Silk. 

To prepare half-scoured or souple silk, the silk is first cleansed 
by treatment in a weak, luke-warm soap bath, which at the same 
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time softens the bast. After this it is immersed in a 10 per cent. 
bath of potassium nitrite, strongly acidified with sulphuric acid 
for an hour, or for about a quarter of an hour in warm dilute aqua 
regia (nitro-hydrochloric acid); in the first case, the colour turns 
grey, in the second green. ‘Then, after being treated in a bath 
of soap, plus a large proportion of soda, it is sulphured three 
times, six hours each time, in a damp state, the hanks being turned 

after each treatment. The next stage is rinsing in water acidified 
with sulphurous acid, followed by the actual process of softening, 
the hanks being steeped in a hot (90-100° C.) 5 per cent. solution 
of potassium bitartrate, and an aqueous solution of sulphurous acid 
—the condensed droppings from the sulphuring chamber—until 
the threads are exposed, though this is not perfectly visible until 
they have been drained. According to the quality of the silk, the 
treatment lasts an hour or more. 

Some dyers use a bath of bitartrate and hydrochloric acid, or 
magnesium sulphate, in which latter event the loading of the silk 
is effected at the same time; the feel of the silk is, however, best 

when sulphurous acid has been used. When the silk is to be 
dyed in dark shades the softening process may be performed with 
tannic acid in the dye bath. 

Bleaching and Scouring Tussah Silk— Attempts have been 
made to bleach Tussah silk by almost every known bleaching agent. — 
The operation is a difficult one, and is therefore omitted except 
when the silk is to be dyed in light shades. For the most part 
it is woven in its natural colour. 

The best bleaching agents for this fibre are the peroxides, the 
material being treated for an hour or so in a bath containing 
50-100 per cent. of barium peroxide at about 90° C.; or else 
with hydrogen peroxide in the manner prescribed for that reagent. 

Scouring is also a more difficult process with Tussah than 
with true silk, and entails more time and the use of stronger 

soda_ baths. 

Washing and Bleaching Wool. 

Whereas the entire series of operations concerned in the 
purification of cotton are comprised in the term “bleaching,” a 
distinction is made, in the case of wool, between the actual 

bleaching process and the preparatory cleansing operations, the 
latter being termed “ washing.” 

As it comes from the sheep, wool is contaminated with so 
many impurities that washing is the first treatment necessary, 
it being impossible to spin unwashed wool, though raw cotton 
can be spun without question. 
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Woollen yarns and piece goods, though freed from the natural 
impurities of the fleece, nevertheless contain impurities consisting 
of the fatty matters added to the wool to facilitate spinning and 
weaving, .in addition to dirt acquired by contact with dirty 

machinery, dust, and the workmen’s hands. Consequently the 
washing of these goods is performed in a different manner to that 
employed for the raw wool. 

Bleaching, as applied to wool, is restricted to yarn and piece 
goods, and plays a far less important part than in the case of 
cotton, the great bulk of manufactured wool never being bleached 
at all. 3 

Though in this country it is a common practice to wash the 
sheep before shearing, this is rarely done in the case of foreign 
wool, and when practised has always to be supplemented by the 
usual wool-washing process, except for low-grade wools such as 
Hallina. This supplementary washing should be performed as soon 
as possible after shearing, since delay only increases the difficulty 
—as experience has shown in the case of fleece-washed foreign 

wools. ; 
The washing to which the wool is subjected in wool-washing 

establishments is a far more important operation than fleece- 
washing, its object being to secure the removal of all the impurities 
comprised in the term “grease.” For this purpose use is made 
of alkaline substances—soda, potash, soap, Quillaya bark (Quiliaya 
saponaria), ammonium carbonate, and stale urine. Caustic alkalis, 
however, must be carefully avoided, owing to their known corrosive 
action on wool fibre. 

The oldest known detergent for wool-washing is stale (putrescent) 
urine, which, when diluted with about five times its own bulk of 

water and used at medium temperatures, cleanses the wool very 
well. The real active ingredient is ammonium carbonate, liberated 
by the decomposition of the urea. Despite its unpleasant smell, 
this detergent is still used in many small works. 

Ammonium carbonate itself is an excellent detergent for wool, 
but is still too dear for practical use, the field heing left almost 
exclusively open to soap and soda (or potash). Usually a mixture 
of the two is employed, the proportions being regulated according 
to the quality of the wool and the hardness of the water. The 
coarser the wool the larger the proportion of soda, and it will 
be readily apparent that hard water requires more soda than soft 
water, it being necessary to throw down the lime and magnesia 
as carbonates, in order to prevent their deposition, in the teria: of 
fatty acid compounds (soaps), on the wool. The carbonates of tliese 
alkaline earths come down in the form of powder and can then 

6 
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be easily washed out of the wool, which is not the case with lime 
and magnesia soaps; moreover, the formation of the latter entails 
a certain waste of soap. | 

Wool of low quality, such as is used for making coarse fabrics, 
rough blankets, etc., is washed with soda alone, for the sake of 

cheapness ; but worsted wools are washed solely with soap. Wools 
for carding are washed with a variable mixture of soap and soda, 
averaging 4 to 5 parts of ammonia-soda and 1#—2 parts of soap 
per 1000 parts of water. Soda soon roughens wool, and the 
temperature. should not be allowed to exceed about 50° C. when 
this alkali is used. Its employment is nevertheless essential for 
fine carding wools, since fine wools are more difficult to cleanse 
than the coarser kinds, and a larger proportion of soap would 
cause the fibre to shrink and thus unfavourably influence the wool 
for the purpose in view. 

The exact proportions of soap and soda can only be determined 
by practical experience, since each kind of wool behaves differently 
in the washing. Hence care should be taken never to wash 
different sorts of wool together; and the sorting of wool previous 
to washing must be performed with great caution. 

Other proposed adjuncts to the above-named detergents are— 
common salt, sal ammoniac, olein (as an emulsifier), ete., but none 

of them have made any headway in practice. Patented detergents 
of undisclosed composition, sold under fancy names for wool-washing, 
should be avoided in any case, since they are either worthless, or 

could be prepared by the washer himself at a much lower cost. 
For the most part they consist of a large proportion of soda and 
a very little soap, and are therefore generally recommended for 
washing with hard water. 

Of late, experiments have been tried with the solvents used 
for extracting fats, such as carbon disulphide, benzine, etc., but 

the practice has been discontinued in nearly every case, the process 
having the disadvantage of requiring very complicated plant, and, 
in addition, the risk of fire is high and the fatty matters are too 
thoroughly removed, the wool thereby losing much of the supple- 
ness so desirable in the subsequent treatment. 

The Washing Process.—The wool is first carefully sorted and 
freed from burrs, which latter would injure the fibre if not removed. 
It is then put in the washing machine, the so-called “ leviathan,” 
shown in Figs. 19 and 20, which consists of a series of tanks (gener- 
ally four or five), the first of them containing the detergent solution, 
the others filled with warm clean water. The actual cleansing of 
the wool therefore takes place in the first tank, the temperature 
of which is kept at about 50°C., whilst the others serve for 
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rinsing the purified charge. Each tank is fitted with cranked 
rakes, which move the wool onwards, and between each two 

adjoining tanks is mounted a pair of heavy wringer rollers, which 
take the wool from the elevator and, after expressing the super- 
fluous liquor, deliver it to the next tank. The best type of 
leviathan washer is that of A. Déru shown in Fig. 19, the chief 
advantage of this type residing in the excellent elevator and 
wringers, which latter work under a pressure of about eighteen 
tons. By this means the wool is wrung in a very thorough 
manner and the transference of dirty scouring liquor into the 
rinsing tanks is reduced to a minimum. 

Fig. 19 shows the elevator and the submerging roller of the 
second tank of the Déru machine, the former consisting of two 
toothed wheels a, rotating about a shaft b, mounted at d. Bearings 
¢ support the pins /, which carry the paddles g, and the attached 
zinc forks h. The movement of the forks which carry the wool is’ 
effected by the sliding of the rollers 7, k, on the tracks /, m, and the 

wool is delivered between the rollers 0, py, whence it passes at g 
into the wheel 7. | 

Fig. 20 shows the manner in which the wool is worked in the 
Demeuse machine by the crank rakes 0, c, to the elevator d, and 

from the latter to the wringer rollers f, and thence to the creeper h. 
The scouring liquor in the first tank will, of course, remove 

the bulk of the impurities, and will have to be drawn off after a 
certain time. In order to utilise the liquors to the utmost, that 
from the second tank is then run into the first one, its place being 
taken by that from. the third tank. This transfer is effected by 
means of an injector. 

When properly washed, wool still contains about 1 per cent. of 
fat. In some washing mills a larger proportion is designedly left 
in the wool, but this is not advantageous to the purchaser. 

When washing worsted wool, it is sometimes the practice to 
incorporate combings, as a cheap and pure adjunct which unites 
well with the wool and cannot afterwards be detected therein. 

The spent liquor from the washing machines is run into a 
collecting tank, through a vertical iron grating which keeps back 
any accompanying. wool fibres. These latter, though very dirty, 
can be washed and sold as inferior wool. The liquors are then 
passed through a series of settling tanks, where the bulk of the © 
suspended impurities is deposited, after which the liquid portion 
is either run off or treated with sulphuric acid or lime for the 
recovery of the contained fatty acids. When acid is used, the fatty 
acids are obtained in a free state, but when lime is employed they 
are in the condition of lime soaps, which must then be decomposed 
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by an acid. The former method is most in use, and is best 
performed in the warm. The recovered fatty acids are purified 
by pressing, smelting, and bleaching. 
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This recovery of fatty acids pays only in the case of large 
establishments, and even in such works the acids are sold in their 

crude state to the soapmaker. 
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wool is treated with fresh water. In this manner a solution of 
about 10° B. is obtained, which can be converted into crude potash 
by concentration and calcination. According to Havrez, the con- 
centrated extract may also be worked up into potassium ferro- 
cyanide if treated with an addition of nitrogenous materials. 

Washing Woollen Yarn.—Woollen yarns cannot be thoroughly 
purified unless the raw wool has been washed perfectly clean. All 
that the present operation has to effect is the removal of the oil 
added before spinning; and the method of treatment and composi- 
tion of the washing liquor depend entirely on the degree in 
which the oil used is capable of saponification and emulsification. 
The yarn is treated in a solution of soap or soda (or both) at a 
temperature of about 40°C. until it ceases to feel greasy, which 
generally takes about half an hour. The wool is then rinsed in 
warm water, in order to prevent the residual fatty particles solidi- 
fying and sticking to the wool. It is therefore impossible to wash 
all yarns on a rigidly fixed plan, though generally a solution con- 
taining 4 per cent. of soap and 3 per cent. of soda, calculated on the 
weight of the yarn, will be strong enough. Worsted yarns are 
always washed with soap only. 

Washing Woollen Piece Goods.—As in the case of yarns, 
woollen goods made from carded yarn are washed with soap and 
soda ; worsteds with the former alone. ‘The operation is performed 
in the following manner :—44 lb. of soap curd are dissolved by 
boiling in a 2° solution of soda, to form 66 gals. of washing 
liquor, which must be used warm, since it sets when cold. The 
piece is thoroughly steeped with this liquor in the machine, and is 
left in soak for a half to three-quarters of an hour, after which it 
is rinsed by adding fresh water until the effluent runs away clear. 
Should the goods still feel greasy, the operation is repeated. 

Woollens are occasionally washed with soda alone, for the sake 
of cheapness, but this is inadvisable as it makes the fibre harsh. 

Worsteds are preferably washed twice, half an hour each time, 

in a 5° solution of olein (soft) soap. 

Blueing or White Dyeing. 

As already stated, the yellow tinge of imperfectly bleached 
fibres is often converted into a more or less pure white shade by 
the aid of blue dyes. 

Cotton yarns, for example, are blued. after bleaching by treating 
them with ultramarine in a soap bath, whilst cotton piece goods are 
treated with the same pigment in the dressing process. 

| White silk is blued in a lukewarm soap bath containing a very 
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small quantity of some -blue or violet dye, the various blue methyl 
violet marks being most frequently used for this purpose. | 

This blueing process is of far greater importance in the case of 
woollens intended for parti-coloured or fancy articles. In this case 
a wide range of white shades is required, and, as in the case of silk, 

is usually. obtained with methyl violet blues in a lukewarm soap 
bath. 

The chief difficulty in blueing resides in the accurate matching 
of the required tint. Of particular importance when methyl violet 
is employed is the amount of soap taken for the bath, since, if an 
excess be used, an insufficient quantity of the dye will be absorbed, 
whilst in the contrary event the dyeing is liable to become irregular. 
The blued yarn has then to be sulphured, so that, in dyeing, the 
alteration sustained by the colour in this operation has also to be 
taken into consideration. 

A white, capable of resisting fulling, is in many cases produced 
on loose wool by dyeing with archil and indigo-carmine. 

So-called “pure white” is best obtained by first blueing the 
goods very slightly in a hyposulphite bath, and then shading off 
with fast acid violet, A2R (Hochst Farbwerk), which is a fast and 
readily distributable dye, in a fresh bath. 

It is still customary in some places to dye woollens white by 
treating them with some insoluble alkaline earth salt, such as 
calcium carbonate, barium sulphate, etc., held in suspension in 

water ; or by precipitating these substances direct on the fibre by 
passing the piece through a solution of sodium sulphate, and then 
immersing it in dissolved barium chloride. 

Carbonising. 

In addition to other impurities, sheep’s wool contains burrs and 
other vegetable fragments, which adhere to the fleece and cannot be 
removed by washing. When such wool is dyed, the cellulose of 
the vegetable matter absorbs the dye less readily than the wool 
fibre, and then becomes apparent in the material as light-coloured 
spots or “nops.” Formerly these were removed by cutting with a 
nopping tool, or hidden by staining with nop tinctures, but this 
procedure had many drawbacks, the cutters being liable to damage 
the cloth, whilst the staining was of a merely superficial character, 
and far from permanent. . 

At the present time this method has been superseded by car- 
bonising, an operation whereby the vegetable matters in the wool 
are eliminated by the aid of acid and heat, which converts the 
cellulose into hydrocellulose, the latter being easily removed by 
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mechanical means. The operation derives its name from the 
carbonised appearance assumed by the vegetable matter under the 
treatment applied. 

The reagents employed are sulphuric and hydrochloric acids, 
the former in a free state, the latter in. combination as aluminium 
chloride or magnesium chloride, both of which split up into oxy- 
chlorides and free hydrochloric acid when heated. (The statement 
that these chlorides are converted into oxides and hydrochloric 
acid at the temperature employed in the carbonising process is 
incorrect.) 

The woollen material to be carbonised must be clean, and, in 

particular, free from fatty matter. If the wool contain any soap 
residue, the carbonising process fixes the fatty acids upon the fibre 
in such a manner that their subsequent removal by washing is 
well-nigh impossible, and they will then show up as patches when 
the wool is dyed. 

Carbonising is applied only to loose wool or piece goods; and 
even the latter alternative is attended with numerous drawbacks, 

owing to the formation of acid spots, soda spots, and other spots 
arising from impurities in the goods, these defects for the most 
part only becoming visible after the material has been dyed. On 
the other hand, these inconveniences are practically non-existent 
when the wool is carbonised loose, and for this reason the practice 
of carbonising in the piece has been discontinued at Verviers and 
many other places. Where still in vogue the process is applied to 
piece goods at various stages of manufacture, either just before or 
just after milling, or after dyeing. This refers only to woollens, 
worsted fabrics being seldom carbonised at all, since if not more 
than ten nops are found in a hundred-yard piece they are taken 
out by means of a nopping tool, and carbonisation is therefore 
superfluous. 

The process is divided into three principal stages—impregnating 
the material with the carbonising reagent; the actual carbonising ; 
and the removal of the residual reagent. 

Impregnation consists in steeping the material for several hours 
in the reagent. In the case of sulphuric acid, the operation is per- 
formed in lead-lined tanks. To ensure thorough impregnation, piece 
goods must be drawn through the steeping liquor, the excess of the 
latter being squeezed out by means of rollers and removed by the 
hydro-extractor (which for this purpose must be lined with coarse 
cloth to prevent contact with the metal). They are then dried at 
a gentie heat, generally in a moderately heated drying chamber ; 
though sometimes this preliminary drying is omitted, and the 
goods are carbonised in their wet state. In such event, however, 
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it must not be forgotten that the action of the reagent is far more 
energetic. | 

Care is necessary to see that the impregnation is performed 
in a perfectly uniform manner, and that no irregularity occurs in 
the drying, and consequently in the distribution of the carbonising 
reagent, since this will certainly result in the production of spots 
in dyeing. This is especially the case in carbonising piece goods, 
and the latter should therefore be carefully drained in the hydro- 
extractor and carbonised as soon as possible, being stored in the 
meantime away from contact with light and air. 

The actual carbonising is effected by passing the impregnated 
material through a carbonising stove, such as the one illustrated in 

Figs. 21 and 22. 
Fig. 21 represents a wool-drying stove also used for carbonising. 

The wool is introduced at a, and passes through the chamber 
b, falling from one set of conveyors to the others in succession 
until it is discharged at ¢ into the box d. 

Fig. 22 shows the excellent wool-drying and carbonising 
machine made by Déru. The wool is introduced at a, and rests 
on the hinged gratings 0, which, when turned through a quarter 
revolution, as at c¢, allow the charge to fall from storey to storey 
until it arrives at d. The drying is effected by hot air blown 
in through the heater f by the fan e¢; 7, 7, are dust cages, and 
k is a grid for retaining any fibres that may be carried away. 

Piece goods are carbonised in an apparatus similar to Fig. 
21, the pieces being led over rollers up and down through the 
chamber. Heat is imparted by iron steam-pipes led through 
the chamber, but, in order to prevent rust spots, all the pipe 

connections must be situated outside the chamber. 
The temperature and the duration of the process depend on 

the reagent, and, to a smaller extent, on the quantity of impurities 
to be eliminated, as well as on the thickness of the material 

in the case of piece goods. Full particulars will be found below 

in dealing with the various reagents used. 
After carbonising, the loose wool is willowed—piece goods 

being beaten—at once to remove the burrs, etc. whilst still dry 

and brittle. 
Finally, the residual reagent must be got rid of. When 

magnesium- or aluminium-chloride has been used, this is effected 
by a vigorous washing in water, but in the case of sulphuric 
acid the excess has to be neutralised by treating the wool with a 
lukewarm solution of soda (about 2° B.) for half an hour or an hour. 
The elimination of the acid must be complete, since any allowed 
to remain would concentrate in the subsequent drying, and corrode 



the wool fibres, the result being the production of acid stains 
in dyeing. However, when the goods are to be dyed with acid 
dyes the neutralisation may be omitted, the removal of the acid 
being then unnecessary. This happens, for instance, in the dyeing 
of fezzes. 
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After neutralisation is finished the soda in turn must be 

thoroughly got rid of by washing, since otherwise the concentration 

spots on the dyed goods being subsequently exposed to a high 
of the alkali in drying would result in the formation of soda 

temperature (as in the dressing process). 



CARBONISING 91 

At Verviers and other places the neutralising operation is 
performed with soap and soda in small (three-tank) leviathans, the 
soap being used for correcting the harshness produced in the fibre 
by carbonising. 

Carbonising Agents.—The most important and most largely 
used of these is sulphuric acid, which is only replaced by magnesium- 
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or aluminium-chloride, when the operation has to be performed 
on woollen fabrics dyed with colours unable to resist the acid, 
otherwise dyed cloth can be carbonised with this acid. Both 
the above-named chlorides are milder in their action than the 
acid in question, and have less effect on the fibre or colour of 
the material under treatment. ‘This is due to several causes. In 
the first place, sulphuric acid is a stronger acid than hydrochloric 
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acid, the more so that it is not volatile at the temperature of 
the carbonising process, and therefore remains in the fabric. 
Secondly, in using the said chlorides, the temperature is such 
that ammonia is liberated from the wool and neutralises the 
freed hydrochloric acid to some extent, so that the latter only 
exerts its full power in such places where vegetable matters occur. 
Finally, the action of the hydrochloric acid is weakened by the 
oxychlorides formed. 

The main defect of the chloride process of carbonisation resides 
in the high temperature required for the decomposition of the 
reagents, the consequence being that, especially with magnesium 
chloride, the wool is always faintly tinged with yellow, thus 
impairing the purity of the more delicate colours, especially blues. 
This defect is less apparent with aluminium chloride; this salt 
nevertheless being ever less and less used, on account ie its higher 
price. Generally speaking, therefore, only two carbonising agents 
—sulphuric acid and magnesium chloride—are in current use. 

Carbonising with Sulphuric Acid.—The usual procedure is to 
employ 4° B. acid, the temperature of the operation being 70— 
80° C., and the duration about twenty minutes. The practice, 
however, varies in different establishments,. the concentration 

ranging from 2—6° B. The more dilute the acid the higher 
the temperature required, and vice versé. Thus, acid of 2° B. 
strength must be applied at a temperature of about 100° C, 
whereas 6° B. acid can be used at about 60° C. It is always 
preferable to work with weaker acid and employ a higher tem- 
perature than under converse conditions. 

Where the fabric to be carbonised has cotton selvedges, the 
latter must be protected from attack by coating them over with 
a solution of soda, thickened with fullers’ earth and gum. This 
practice may, however, prove a source of inconvenience, inasmuch 
as by using an excess of the said solution the wool bordering 
the selvedges is liable to corrosion from the soda, and soda spots 
will form in dyeing. The defect may be obviated by using sodium 
acetate instead of soda. 

Carbonising with Magnesium Chloride (A. Frank, 1877).— 
The fabric is impregnated with a 15° B. (or weaker) solution of 
magnesium chloride, and carbonised for thirty to forty-five minutes, 
at 140-150°C. According, however, to Breinl and Hanofsky a 
9° B. solution is strong enough. 

If magnesium chloride be heated by itself to 140-150° C. 
for some time, only about one-half of the contained chlorine will 
be liberated as hydrochloric acid, an oxychloride with a strongly 
alkaline reaction being left; and the same result apparently ensues 
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when a fabric is carbonised with this salt. Accordingly the fabric 
so treated gives a stongly alkaline reaction afterwards, and this 
reaction may be occasionally so pronounced that the fibre is 
attacked, and assumes under the microscope the same appearance 
as when corroded by soda (see Fig. 12). To prevent this, it is 
necessary to thoroughly dry the material after impregnation and 
to keep the carbonising chamber perfectly dry. From the fore- 
going, it also follows that dye-stuffs sensitivé to the action of 
alkalis will suffer more or less when carbonised with magnesium 
chloride. For the most part, however, the defect can be corrected 
by after-treatment with dilute acid. 

When the piece to be carbonised is one with cotton selvedges, 
the latter must not be coated over with soda, since the resulting 
alkaline magnesium carbonate would corrode the wool. Con- 
sequently, in such event, the carbonising must be performed with 
sulphuric acid; or the selvedges could be dressed with sodium 
acetate. 

In carbonising with magnesium chloride, care must be taken 

that no magnesia soaps are formed in the material, since these 
render the fibre harsh and cannot be removed by washing. 

Carbonising with Aluminium Chloride (R. Joly, 1874).— 
The- fabric is steeped in a 7° B. solution of aluminium chloride (as 
neutral as possible), then well dried, carbonised at 120—130° C. 

for one hour, and well washed. 

When aluminium chloride is heated by itself at 120° C, 
about four-fifths of its chlorine is driven off as hydrochloric acid. 
Here, also, an oxychloride is formed, which, however, differs from 

that of magnesium by having an acid reaction. 
As in the case of magnesium chloride, care should be faken 

to prevent the formation of a soap of the metal on the fabric; 
and, finally, it may be mentioned that a variety of carbonisation 
effects may be produced on mixed cotton and wool fabrics by 
printing with aluminium chloride. Owing, however, to the cost 
of this reagent and its lack of advantages, its use in carbonising 
is now practically abandoned. | 

Carbonising with free hydrochloric acid was practised, but only 
for a short time, in Belgium. The hydrochloric acid gas. produced 
by the action of sulphuric acid on common salt 4n retorts, was 
conducted by means of a current .of air over the wool spread out 
on frames; or a solution of the acid was sprayed over tle wool 
by a revolving brush, the material being afterwards exposed to a 
high temperature. The disadvantages of tlie method consisted in 
the corrosion of all the metallic fittings of the apparatus, and in 
the difficulty experienced in regulating the strength of the reavent. 
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The defects of manufacture liable to be produced by the 
operation of carbonising are, as already mentioned, the stains 
developed in the subsequent dyeing, and which are due to either 
acid or alkali. 

Soda stains may result from neutralisation or from carelessness 
in carbonising with magnesium chloride, or, finally, from dressing 
the cotton selvedges with soda. They frequently appear as dark 
patches in the dyed cloth, and can almost invariably be recognised 
by microscopical examination. 

Acid stains occur solely after carbonisation with sulphuric acid, 
and show up as light patches in the dyed cloth (sometimes also 
before dyeing). If the action of the acid in these places has been 
strong, they will be found to damp more readily in water than the . 
other parts of the material. These stains require a very experienced 
eye to detect under the microscope. . 

However great the care bestowed on the sulphuric acid car- 
bonisation process, the presence of impurities is liable to cause 
acid stains; hence, in the case of such wools, it is better to car- 

bonise with magnesium chloride. 



CHAPTER III 

MORDANTS AND MORDANTING 

Mordants. 

In the operations of dyeing and printing fabrics a number of 
metallic salts are employed to fix the mordant dyes, in the form 
of lakes, on the fibre. The lakes are compounds of the dye-stuffs 
with metallic hydroxides. They are insoluble and very resistent 
towards reagents, and the usual method of bringing them on the 
fibre is to first precipitate the hydroxide, from a metallic salt, on 
the fibre and then dye with a suitable dye-stuff. The metallic 
salts, or hydroxides, used for this purpose are termed “ mordants,” 
and the operation of precipitating the hydroxides in and upon the 
fibre is known as “ mordanting.” 

To be of practical utility, a mordant must fulfil the following 
requirements :—Cheapness; easy precipitation of the hydroxide; 
insolubility in water on the part of the hydroxide, coupled with 
a certain affinity for the fibre; the resulting colour lakes must be 
of good colour and as “fast” as possible, 2.¢. capable of withstand- 
ing the influence of lght, acids, alkalis, etc. These conditions, 

however, are fulfilled by only comparatively few metallic salts, 
and, in fact, the only mordants in practical use are the alumina, 

iron, chrome, tin, and copper mordants. The alkalis are not 
mordants, both their hydroxides and the compounds of these with 
dye-stuffs being soluble in water, and though the alkaline earths 
give insoluble colour lakes, the colour of these is poor, and they 
have no affinity for the fibres. As regards the remaining metals, 
not all of these have been examined as to their capacity for 
forming lakes. Some of them furnish good colour lakes, which, 
however, are too dear for practical application (e.g. nickel), whilst 
others, though cheap, give lakes deficient in stability (e.g. zinc). 

Some dye-stuffs yield faster lakes when other metallic salts— 
chiefly those of lime, zinc, or magnesia—are allowed to take. part 
in the formation of the lake. Such salts are termed supplementary 
mordants, and are used in calico-printing with steam dyes. -A 
combination of two or more fast mordants will also frequently 

95 
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produce more stable lakes (eg. alizarine red on wool). One peculiar 
and hitherto unexplained feature is the behaviour of the alumina 
and iron mordants in presence of certain dyes, it being impossible 
to dye with alizarine (see Turkey-Red) a fabric that has been 
mordanted with alumina or iron, unless-lime salts be present. 

One and the same dye-stuff will furnish colour. lakes of 
divergent shade and fastness with different mordants. The lightest 
and brightest are the tin and alumina lakes, the copper and iron 
lakes being the darkest, whilst the chrome lakes occupy an inter- 
mediate position in this respect. In point of stability, it is a 
difficult matter to generalise, but, as a rule, the copper and iron 
colour lakes are the fastest under the influence of light. 

The behaviour of the various textile fibres towards mordants is 
mainly dependent on their nature, and, in a secondary degree, on 
the metallic salt of which the mordant is composed. A general 
description of the behaviour of the fibres towards mordants, and 
the operation of mordanting, will therefore be given first, after 
which the special applications of the separate mordants will be 
briefly considered. 

Mordanting Wool. 

The high absorptive capacity of wool finds expression in an 
interesting manner in the mordanting process, for when wool is 
immersed in a solution dilute of some mordant, it absorbs a portion 
of the contained metallic hydroxide, leaving the remainder in 
solution, 7.e. only a small proportion of the acid in the metallic 
salt present is taken up. This absorption goes on at the ordinary 
temperature, more rapidly in the warm, and most quickly and 
completely at boiling-heat. The usual manner of explaining this 
peculiarity is by saying that the wool has a power of decomposing 
salts and takes up a strongly basic salt, leaving behind a strongly 
acid salt in solution. If, however, the mordanting be performed 

in a more concentrated solution, it will be found that the pro- 
portion of acid taken up in comparison with the base increases 
with the strength of the bath, and when a certain degree of 

concentration is attained more acid is taken up than base. Con- 
sequently wool possesses an absorptive capacity for both acids and 
bases, each class of substance being taken up from the mordanting 
salt as though it alone were present, the absorption being chiefly 
dependent on the concentration and temperature of the mordanting 
bath. Wool is also able to absorb a portion of a free acid from 
solution, but its behaviour towards the mordanting hydroxides 
cannot be determined by direct experiment owing to their in- 
solubility in water. 
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For the above reasons the assumption that a basic salt is taken 
up in the mordanting process is untenable; and equally arbitrary 
is the hypothesis that the salts are decomposed by the wool, the 
dissociation being effected at the moment of their solution in water 
by the action of that solvent. 

From the foregoing it is evident that dilute solutions are 
necessary in the practical performance of the mordanting process, 
the object of the operation being solely to deposit a metallic 
hydroxide on the fibre; whilst the amount of acid absorbed should 
be as small as possible, owing to its unfavourable action on the 
formation of a lake and on the shade of the colour in the sub- 
sequent operation of dyeing. 

It has also been noticed that in the event of too rapid absorp- 
tion the hydroxide is generally fixed in an imperfect manner, being 
more superficial and often causing uneven dyeing. The mordanting 
should therefore be carried on slowly and gradually, on which 
account salts that are easily dissociated, like the acetates and basic 
salts, cannot be used for mordanting wool. The most suitable 
mordants are—of the alumina mordants, alum and aluminium 

sulphate; of the iron mordants, ferrous sulphate; of the copper 
mordants, copper sulphate (blue vitriol); of the tin mordants, 
stannous chloride (tin salt); and of the chrome wmordants, 
potassium and sodium bichromates, and chromium fluoride. Even 
when these are used the operation will go on too fast if the 
wool be immersed in the boiling hot mordant liquor; and the 
process must therefore be pursued in the following manner :— 
The wool is first thoroughly wetted by boiling in water for half 
an hour to one hour, after which it is entered in the bath of 

lukewarm mordant, to which a small quantity of an acid substance 
has been added (see below). The temperature of the bath is then 
slowly raised to 100° C. (in about an hour) and boiling is continued 
for an hour to an hour and a half longer. Loose wool and yarn 
must be thoroughly worked about in the bath to ensure uniform 
mordanting of the whole of the fibre, and piece goods are kept in 
motion by winding. 

After mordanting, the goods are generally merely cooled down 
and the excess of liquid removed, rinsing being omitted. Loose 
wool is spread on the floor, yarn being unwound and hung up, 
and piece goods alternately folded and opened out again, and finally 
hung on a wooden frame to allow the excess of bath liquor to drain 
away. The hydro-extractor is, however, a better means of draining 

the goods. | 
Before drying, the mordanted wool must be dyed, since otber- 

wise it would have to be re-wetted for dyeing—a difficult operation 
7 
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when alumina mordants have been used. The usual custom is to 
leave the wool overnight after mordanting, the reason given for this 
procedure being, that unless allowed to stand for some time the 
wool takes more dye-stuff to dye it than otherwise. The real 
purpose of the delay, however, is apparently to give the excess of 
mordant time to drain off, since the larger the amount of this liquor 
introduced into the dye bath. the greater the loss of dye through 
useless precipitation as insoluble colour lake. It is therefore more 
rational to wash the mordanted woollen material previous to dyeing, 
but it should first be allowed to get quite cold, or part of the fixed 
mordant will be sure to wash out. 

When the wool has been mordanted with a sulphate, e.g. alum or 
ferrous sulphate, it will always contain a little sulphuric acid; 
whereas when stannous chloride has been used the fibre takes up 
only a very little hydrochloric acid, if any at all, partly because the 
amount of this mordant used is small, and also because wool has 

probably a smaller capacity for absorbing hydrochloric acid than it 
has for sulphuric acid. Should the acid so absorbed be found to 
have an unfavourable effect on the dye, the defect may be remedied 
by adding a little ammonia, to neutralise the acid, towards the end 

of the dyeing process. This is frequently done in dyeing with 
logwood, and the same effect may be produced by means of calcium 
acetate (obtained by correcting the water with acetic acid), the 
favourable influence of which salt in logwood dyeing is thus explained. 

In the foregoing method of mordanting, it is always customary 
to add a small quantity of some acid substance to the bath, such as 
potassium bitartrate, oxalic acid, or sulphuric acid, the first named 
being most frequently used, notwithstanding its high price. The 
part played by these adjuncts has not yet been elucidated ; but it is 
assumed that in mordanting with sulphates, chlorides, etc., they 

retard the dissociation of the salts in question and protract the 
absorption of the hydroxides by the fibre. In ordinary mordanting 
with potassium bichromate these acid substances play a different 
part, as will be set forth in the description of the process later on. 

When dyeing with hard water and using bitartrate, it will be 
necessary to correct the water beforehand by an addition of 5—10 
per cent. of 8° B. acetic acid, since otherwise the bitartrate would 
be neutralised by the lime in the water, and would cease to act. 

a Mordanting Silk. 
\ Silk has a high capacity for absorbing the most divergent 

substances of acid and basic character, though this property is 
manifested in a different manner to that of wool, being greater in 
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the cold and at medium temperatures than at boiling heat; conse- 
quently, if an attempt be made to mordant silk in the same manner 
as wool, only a very small quantity of the hydroxide will be taken 
up. The most suitable mordants for silk are cold concentrated 
solutions of basic salts, readily dissociated by dilution with water. 
On prolonged immersion in such solutions the silk takes up a 
portion of the hydroxide and a part of the acid present—just as in 
the case of wool. On then washing the material in water, the 
unfixed excess of the mordant is removed, on the one hand, whilst, 

on the other hand, a part of the same is dissociated by the dilution, 
and a further amount of the hydroxide is fixed on the fibre. To 
complete the fixation the silk is finally entered in an alkaline bath, 
which removes the last traces of acid present, before washing. The 
operation of washing between the mordanting and the fixing pro- 
cesses is performed with a large volume of (preferably running) 
water, a special washing apparatus being used, consisting of a series 
of hollow, perforated porcelain cylinders. These are set parallel, 
side by side, and are caused to revolve after the silk hanks have 
been hung upon them. By means of water discharged through the 
perforations and through jets placed between the hanks, the material 
receives a thorough washing. 

The best mordants for silk are basic alum, aluminium acetate, 

basic ferrous sulphate (“ Rouil mordant”’), basic chromium chloride, 
chrome mordant GA III, and stannous chloride. 

Mordanting Cotton. 

Cotton differs from wool and silk in having practically no 
absorptive capacity for metallic hydroxides, and must therefore. be 
mordanted in a different manner. There are two ways of doing 
this. In one the metallic hydroxide is deposited in and upon the 
fibre by first impregnating the latter with acetic acid, the bulk of 
which is then volatilised by drying and the remainder eliminated by 
treatment in an alkaline bath. In the other method the hydroxides 
are precipitated on the fibre as insoluble tannates or fatty-acid salts 
by first steeping the cotton with tannic acid or fatty acid, and then 
treating it with the metallic salt used as the mordant. 

The former method is used exclusively in dyeing piece goods, 
‘being difficult to perform with regularity in the case of yarns. 
Moreover, it is restricted to mordanting with alumina and iron. 
The modus operandi is as follows:—The cottons are first impreg- 
nated in a thoroughly uniform manner, with a dilute solution of 
aluminium acetate or iron pyrolignite in a padding-machine, the 
operation being termed “ padding.” 
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In the padding-machine sketched in Fig. 23 the goods are 
unwound from the roller a and passed over the stretcher 6 to the 
trough c, which contains the mordant and three guide rollers d; 
thence the piece passes between the wringer rollers e, f, and is 
finally wound on the roller g, All the rollers are of wood, and 
their trunnions rest on sloping arms h, so that the roller g, which 
is driven by the upper wringer roller, can move slowly upwards in 
proportion as its diameter increases in consequence of the cloth 
being wound upon it. The upper wringer is weighted by the 
weight m, which acts through the levers 7, /, and the rod k, the 

length of the latter being adjustable by turning the extension 

screw 2. | 

With light goods a single passage through the padding-machine 

is sufficient, but heavy goods require to be put through twice. 
This done, the piece, instead of being wound on the roller g, as 

shown in the figure, is led (over as few guide rollers as possible) 
-up and down through a gently heated chamber, known as the 
“hot flue,” where it is dried sufficiently to make it fit for transport. 
In this manner the cotton retains the mordant acetate in an 
almost entirely unaltered condition. The amount depends on the 
concentration and on the pressure exerted by the wringers, this 
being usually adjusted so that the goods retain about their own 
weight of mordant solution. The next stage is to hang the 
goods in a warm chamber, extending through several storeys in 
the building and heated by steam pipes laid on the floor, covered 
by a layer of spars. A second set of heaters is preferably arranged 
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above the ceiling, to prevent the goods being spotted by condensed 
moisture. In addition to a high temperature, a certain degree of 
moisture in the atmosphere is necessary to the due performance of 
this process, for which purpose water vapour is introduced into 
the chamber by allowing drops of water to trickle on to the 
heating-pipes from perforated pipes mounted just over the latter. 
The degree of moisture is registered by a suitable hygrometer. 
Ventilation is provided by means of air-pipes reaching from the 
floor up to above the level of the roof. The printed goods are 
hung in this chamber for about forty-eight hours, at a temperature 
of about 30°C., the wet bulb of the thermometer indicating some 
3—4° lower. 

This operation is often styled the “oxidation process,” pro- 
bably because it is frequently employed for developing aniline 
black, in which case oxidation actually occurs. When the goods 
have been mordanted with acetate, the acetic acid is volatilised in 

the hot chamber, leaving the metallic hydroxide deposited on the 
fibre in the finely divided state necessary for the subsequent 
dyeing. When iron is used, a gradual oxidation to ferric hydroxide 
also occurs. It is essential that this process should be carried on ° 
in a very gradual manner, since, if the hydroxide be fixed rapidly 
—for example, by steaming for a short time—the colours will come 
out less full and handsome in dyeing. | 

To thoroughly fix the hydroxide, the residual traces of acid 
must be removed by a mild alkali, for which purpose the goods 
are next “dunged” by passing them over guide rollers through 
several vats—at least two—containing a decoction of cow dung 
and levigated chalk (see Fig. 24). This decoction is prepared by 
boiling 4 parts by weight of cow dung and 0°3 part of levigated 
chalk in 7 parts of water for about two hours. The first vat is 
charged with 8 cwt., and the second with 6 cwt. of the pre- 
paration, the temperature being maintained at 60° and 50°C. 
respectively. When about 600 yards of material have been passed 
through the vats, the baths are replenished with about 30 lb. of the 
preparation. The goods remain in the bath for about two minutes. 

The levigated chalk and the faintly alkaline substances present 
in the cow dung neutralise the residual traces of acid in the 
material. 

Many attempts have been made to replace cow dung by faintly 
alkaline salts, such as ammonium carbonate, sodium phosphate, 
arsenite, silicate, etc., but though these all act in the desired direction 

the best colours are still obtained by the use of cow dung. This 
may probably be attributable to the mucinous condition imparted 
to the water by the substances dissolved out of the dung, in con- 
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sequence of which no scouring action is exerted on the goods during 
their passage through the bath. The best substitute for cow dung 
out of those named above is ammonium carbonate, employed in the 
‘state of a 2 per cent. solution, and at ordinary temperature. 

The mordanting process is completed by swilling off the 
impurities collecting on the fibre in the dung bath, ad by a 
thorough washing. 

Similar in principle, but less objectionable in performance, is 
the mordanting of cottons with chromium bisulphite or chromium 
acetate, the goods being padded with the dissolved mordant, and 
fixed with boiling hot soda solution after drying. 

Mordanting with the assistance of tannic acid or fatty acids 
will be described later on in dealing with these fixing agents. 

The Mordants used in practice are—salts of aluminium, iron, 

chromium, tin, or copper. The two last named are the least 
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important, the principal mordants now used being those of the 
chromium group. 

Alumina Mordants.—These are employed in the production 
of the following colours :—Alizarine red and alizarine orange, on all 
three classes of fibre; alizarine rose-red on cotton; amethyst, with 

cochineal, on wool; yellow shades with natural dye-stuffs; log- 
wood blue on wool; and certain mixed shades, with alizarine and 

other dye-stuffs, on enn 
In most cases the alumina mordants should be free Sar iron, 

the iron lakes being darker and duller in colour than the alumina 
lakes, so that, if present, even a small amount of iron would suffice 

to dull the colours produced by the aid of alumina mordants. For 
instance, alizarine gives a brilliant red with alumina mordant, but 

a dull violet lake with iron; consequently a handsome alizarine 
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red can only be developed when iron is absent. According to the 
researches of Lunge and Keler, the aluminium sulphate used for 
dyeing alizarine red should not contain more than 0°001 per cent. of 
Fe. For the preparation of a 6° B. aluminium acetate for alizarine 
steam red, the aluminium sulphate may contain up to 0:°005 per 
cent. of Fe without any ill effect on the colour. 

The most important salt of alumina is alum (A1,(SO,),K.SO, 
24H,0), which is used both per se and in the preparation of 
other alumina mordants. Its active constituent is aluminium sul- 
phate, the potassium sulphate playing no important part. Hence 
aluminium sulphate can also be used as a mordant, and, indeed, is 

preferable, inasmuch as it can now be obtained at a relatively 
lower rate, in comparison with the percentage content of alumina 
present, than alum. The latter continues to be used, however, in 
many places, its crystalline form being considered to afford a better 
guarantee of purity. Nevertheless, the commercial sulphate in 
lumps is also, for the most part, free from iron, but, its composition 
being irregular, needs checking by analysis. 

Alum and aluminium sulphate are the only alumina mordants 
used for wool. The quantity of alum taken varies from 6 to 12 per 
cent., according to the nature and intensity of the dyeing, and it is 
employed in conjunction with 2—5 per cent. of potassium bitartrate 
or oxalic acid and a 30—40-fold quantity of water; the above per- 
centages being calculated to the weight of wool under treatment. 

Alum, as such, is unsuitable for mordanting silk and cotton, 

its sulphuric acid preventing the fixation of the hydroxide, unless 
previously neutralised, to some extent, by an alkali. A _ partly 
neutralised alum solution of this kind is known in practice under 
the name “basic alum,” the assumption being that it contains a 
basic salt of alumina. Thus, for example, if one molecule of 
sodium bicarbonate be taken to neutralise the sulphuric acid in 
one molecule of alum, the reaction ensuing may be expressed by 
the following equation :— 

v 

Al,(SO,), + Na,CO, + H,0 = Al,(SO,),(OH), + Na,SO, + CO,. 

Here, as in other cases where a basic salt is formed in an 

analogous manner, the formula deduced for the resulting salt from 
the equation is hypothetical only, and expresses the degree of 
neutralisation produced by the alkali. 

With regard to the production and behaviour of these basic 
salts in general, and not merely those of alumina, the following 
observations may be made:—In their preparation, the dissolved 
alkali—generally soda—is added by degrees to the solution of the 
salt to be rendered basic, and kept stirred, any resulting precipitate 
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being redissolved by warming. This, however, is not always possible. 
The more strongly basic the mordant, the more readily does it 
undergo dissociation into the corresponding hydroxide or allied 
insoluble salt. This dissociation is accelerated by heat and dilution. 
Both the different mordants and the various salts of one and the 
same metal behave in a very divergent manner under this treat- 
ment; moreover, the capacity for dissociation of basic salts is 
appreciably influenced by the presence of extraneous salts. For 
instance, the basic salts of alumina dissociate more readily when 
they contain potassium sulphate, so that the basic alumina mordants 
prepared from alum dissociate more readily than those obtained 
from aluminium sulphate. 

The alumina mordant for silk is prepared (according to the 
prescription of the Badische Anilin- und Sodafabrik) with a solution 
containing 60 grms. of alum and 6 grms. of soda crystals per litre.? 
After the addition of the alkali to the alum solution the liquid is 
warmed until the resulting precipitate has redissolved, whereupon 
the silk is entered in the bath, worked about for ten to fifteen 

minutes, and left in soak for at least twelve hours. It is then 

‘well wrung or drained in the hydro-extractor and entered in a bath 
of 4° B. sodium silicate, worked about for a quarter of an hour, and 
carefully washed. The silicate treatment causes the deposition of 
aluminium hydroxide, and not aluminium silicate, on the fibre. 

For mordanting cotton with alum, concentrated solutions are 
used, containing 100—200 grms. of aluminium sulphate per litre 
(10 to 20 per cent.), and are neutralised as far as possible with 
soda. Further particulars on this point will be given in treating 
of the fixing agents (fatty acids). | 

Aluminium acetate is prepared by dissolving aluminium hydroxide 
in acetic acid or by decomposing alum or aluminium sulphate with 
lead acetate. When three molecules of lead acetate are taken to 
one molecule of aluminium sulphate, normal aluminium acetate is 
produced— 

Al,(SO,),+ 3Pb(C,H,0,), = Al,(C,H,0,), + 3PbSO,, 

but on lowering the proportion of lead acetate sulphacetates are 
formed— 

Al,(SO,), + 2Pb(C,H,0,), = Al,SO,(C,H,0,), + 2PbSO,. 

For use as a mordant, it is unnecessary that the whole of the 
sulphuric acid present in aluminium sulphate should be thrown 

1 These proportions correspond to one molecule of sodium carbonate per three molecules 

of alum, and the resulting alumina salt will have the formula Al,(SO,)3(O0H). In making 
calculations of this kind, the water of crystallisation in the different substances must 
not be forgotten. 
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down ; in fact, it is preferable in practice to select the proportions 
tho preparation of aluminium acetate so that a sulphacetate is 
produced instead of the normal acetate. Generally not more than 
a half to three-quarters of the total sulphuric acid is removed. 

For use in calico-printing these mordant solutions are made 
as highly concentrated as possible, one method adopted being to 
dissolve the one salt and add the other in the condition of powder. 
For example, a 15° B. mordant can be obtained by dissolving 
1 part by weight of aluminium sulphate and 1 part of lead acetate 
in 2 parts of water, this solution being diluted according to 
requirements, and occasionally rendered basic by an addition of 
chalk. 

The various acetates may be diluted with water without under- 
going dissociation; a few of them throw down a deposit when 
heated, but this is redissolved on cooling. 

The aluminium acetate mordants are chiefly used in calico- 
printing, and also in piece dyeing cottons. For Turkey-red dyeing, 
solutions of 2—3° B, strength are used. 

Silk can be mordanted with 6° B. aluminium acetate just as 
well as with basic alum. 

In the case of wool these salts are not used as mordants, but 

are employed as waterproofing substances in the dressing process. 
For dull colours the pure salt is replaced by the cheaper 

aluminium pyrolignite. 
Aluminium sulphocyanide is prepared, by double decomposition, 

from alum or aluminium sulphate and barium or calcium sulpho- 
cyanide— | 

Al,(SO,), + 3Ba(CNS), = 3BaSO, + Al,(CNS),. 

It is used to replace aluminium acetate for alizarine steam red 
in calico-printing, since it does not corrode the steel doctors of the 
printing machine and does not introduce iron into the printing 
colours. As, however, it readily corrodes cotton fibre when hot, 

the printed goods must be hung some time previous to steaming. 
The salt has no other uses. 

Sodium aluminate (NaO. AIO) is prepared by dissolving alumi- 
nium hydroxide in caustic soda and neutralising the excess of the 
latter. On account of its strongly alkaline reaction, this mordant 
can only be used for cotton, for which purpose it has several advan- 
tages over the other aluminium mordants. For instance, an alizarine 
red developed by its aid is less susceptible to the influence of iron 
and heat, and is easier to discharge. In mordanting cotton, the 
pieces are impregnated with a solution of sodium aluminate, dried, 
and passed through a warm solution of ammonium chloride (sal 

WA fo 
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ammoniac), whereby aluminium hydroxide is precipitated on the fibre. 
It is used for Turkey-red in the Schlieper and Baum method— 
though then fixed in a different manner—and also as an adjunct 
to naphthol preparations for nitraniline red, as well as being 
employed as a reserve under aniline black. 

Aluminium fluoride forms a good mordant for wool, the colours 
being brighter than with alum; it is not used, however, in practice. 

Of the other salts of alumina only the nitrate, chloride, and 
chlorate need be mentioned. These are used in calico-printing, the 
nitrate sometimes for alizarine steam red, the other two for red 

discharge on vat blue with alizarine. Aluminium chloride is also 
used in carbonising (q.v.). 

Iron Mordants.—These play a most important part in black 
dyeing all three fibres with logwood; they are also used for dyeing 
wool brown with dye-woods, and on cotton for catechu and several 
alizarine dyes, for alizarine violet in calico-printing, for green with 
nitroso dyes, for Berlin-blue and chamois on cotton, and for darken- 
ing sundry tannin dyeings. The salts used as mordants are ferrous 
sulphate (green vitriol), iron pyrolignite, and so-called iron nitrate. 

Ferrous sulphate and “Salzburg vitriol” (a mixture of ferrous 
sulphate and copper sulphate) are the only iron compounds used 
for mordanting wool. When the dyeing is for logwood black, a 
preliminary mordanting is given; in other cases the darkening 

method is practised. (See Dyeing.) 
On cotton, ferrous sulphate is fixed on the fibre by means of 

tannic acid (g.v.); it is no longer in use for silk, except sometimes 

for black. 
Finally, this salt is also used as a reducing agent in the so-called 

vitriol vat. 
Iron pyrolignite is prepared by dissolving scrap iron in crude 

pyroligneous acid, and forms the most important and almost the 
sole iron mordant for calico-printing. In cotton-dyeing it is 
used according to the two methods already described, the solution 
employed for dark colours being only a few degrees B. in 
strength. 

- The chief constituent of iron pyrolignite is ferrous acetate, 
which, however, in the pure state is not a good mordant for 
cotton, being too readily oxidisable, and consequently poorly fixed 
on the fibre. The pyrolignite, on the other hand, forms a good 
mordant owing to the presence of other matters which retard the 
oxidation of the acetate. With the same object, and also to retard 
the fixation of the hydroxide, it is customary to add a solution of 
arsenic in acetic acid. Sometimes, however, eg. for pale chamois 

(and also for alizarine violet), pure ferrous acetate, prepared from 
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ferrous sulphate and lead acetate, is employed; this product 
frequently contains an excess of lead acetate, which then comes 
down as lead hydroxide in with the iron chamois and lightens the 
shade. 

When iron pyrolignite is used for mordanting piece cottons 
along with aluminium acetate, the latter should be as free as 
possible from sulphuric acid, since otherwise ferrous sulphate will 
be formed, and this is difficult to fix. In silk-dyeing, the pyro- 
lignite is used for black, and is fixed with tannic acid (q.v.). For 
wool, it is used only in the case of pelts, etc., that are mordanted 
cold. 

Iron nitrate is the name given to a class of mordants produced 
by the action of nitric and sulphuric acids in variable quantities on 
ferrous sulphate, and consisting of a mixture of neutral and basic 
ferric sulphates and ferric nitro-sulphates. 

The following proportions of the said reagents are used in the 
preparation of normal ferric sulphate :— 

6FeSO, + 3H,SO, + 2HNO, = 3Fe,(SO,), +2NO + 4H,0. 
By using less sulphuric acid, ¢g. only half the above quantity, 

a basic ferric sulphate is obtained 

12FeSO, + 3H,SO, + 4HNO, = 3Fe,(SO,),(OH), + 4NO +4H,0. 
By employing more nitric acid, nitro-sulphates are produced. 
In reality these mordants do not contain any nitrates, and the 

term by which they are known is therefore inaccurate. They are 
put on the market in the form of reddish brown concentrated 
solutions, frequently containing free nitric acid. 

The fixation of these mordants on the cotton fibre is effected by 
the aid of tannic acid, as in the case of iron pyrolignite. Their 
principal application is in the black dyeing of silk, for which pur- 
pose a mordant is prepared, the composition of which nearly corre- 
sponds to the formula in the above equation, viz. Fe,(SO,);,(OH),, 
and which is known as “Rouil mordant.” The method of use 
differs according as the silk is in the raw, souple, or scoured state. 
The last named is mordanted in the following manner :— 

The silk is immersed in a 30° B. solution of the mordant for 
about an hour, after which it is taken out, unwound, and carefully 

washed, preferably in hard running water. 
These operations are usually repeated several times over, the 

final fixation of the mordant being effected in a boiling hot soap 
bath. The mordanted silk must not be allowed to dry, or it will 
be corroded by the mordant. Raw and souple silk are mordanted 
in a weaker solution, and, for the sake of cheapness, the fixing is 

generally performed with soda instead of soap. 
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Chrome Mordants.—At the present time the chrome mordants 
are the most important in use, many dyeings formerly mordanted 
with alumina or iron salts being now treated with chrome salts 
instead; and, with the exception of a few of the alizarine dyes, all 

artificial mordant dye-stuffs are fixed with chrome mordants ex- 
clusively. Their chief use is in the fast dyeing of wool. 

These mordants differ greatly in behaviour from the iron and 
alumina mordants, being, on the one hand, more difficult of dissocia- 
tion, and therefore harder to fix on the fibre, whilst, on the other 

hand, the combination of the fixed chromium hydroxide—~.e. the 
formation of the colour lake—is effected more readily. As regards 
the first-named property, this comes in evidence already during the 
treatment of the solution with alkaline substances, the quantitative 
precipitation of the hydroxide generally requiring the temperature 
of boiling-heat for its accomplishment, a property that is termed 
“passivity towards precipitants.” In the case of the iron and 
alumina mordants, the acetates give up the hydroxide more readily 
than the sulphates, the converse being, however, the case here. 

The chromium acetates are so difficult to decompose that they 
cannot be used like the acetates of alumina and iron. 

A further peculiarity of the chromium salts is that they exist 
in two modifications, one violet and the other green, which differ in 

their behaviour towards precipitants and also in mordanting. It is 
assumed that the violet solutions are neutral salts, whilst the green 
solutions contain a mixture of acid and basic salts. The trans- 
ference of the one modification into the other is an easy matter. 

The aforesaid passivity towards precipitants was for a long time 
a hindrance to the employment of the chromium salts as mordants 
for cotton. 

The chrome mordants consist of the following salts :—-Chromium 
acetate, bisulphite, fluoride, basic chloride, alkaline chrome solutions, 

potassium and sodium bichromate, and chromic chromate. Unlike 
the corresponding salts of iron and alumina, chromium sulphate and 
chrome alum are unsuitable for mordanting wool, the dyeing being 
irregular unless plenty of potassium bitartrate is used as well. 
Chrome alum, a cheap by-product of alizarine manufacture, forms a 
raw material for the production of other chromium salts. 

‘Chromium acetate is produced, by double decomposition, from 

chrome alum and lead acetate. As was the case with aluminium 
acetate, the product is not the normal acetate but a sulphacetate, 
and only about one-half to two-thirds of the sulphuric acid present 
in the chromium sulphate is precipitated. These compounds are 
almost exclusively used as chrome mordants for steam dyes in calico- 
printing ; for mordanting cotton their use is restricted to piece goods. 
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The above-mentioned properties of the chromium salts are 
exhibited in a high degree by the various chromium acetates. The 
sreen solutions undergo gradual conversion into the violet form, the 
latter being more difficult to decompose. The behaviour of these 
salts, therefore, alters during storage; they have also the property 
of dissolving lead sulphate, this power increasing with their 
basicity. 

Similar behaviour is exhibited by the chromium sulphocyanides, 
which, however, are rarely used (in calico-printing) as mordants. 

Chromium bisulphite is prepared by treating a solution of 
chrome alum with an excess of sodium bisulphite or calcium 
bisulphite, and is used in mordanting cotton piece goods, for which 
purpose it is the most suitable of any of the chrome mordants. 

Chromium fluoride, like the bisulphite, has only recently been 
introduced into practice as a mordant, and is now highly esteemed 
for treating wool, being especially valuable in cases where the 
oxidising action of potassium bichromate renders this latter un- 
suitable. An additional advantage of the fluoride is that it mordants 
the wool fibres in a very ready and uniform manner, without 
affecting their spinning properties or the feel of the resulting 
goods. It is used both for mordanting before dyeing and for 
after chroming (see Mordant Dye-Stuffs), the mordanting bath in 
the former case consisting of 4 per cent. of chromium fluoride and 
1—2 per cent. of oxalic acid (counted on the weight of the goods), 
and the operation being performed in the same manner as for 
wool in general. 

Chromium fluoride corrodes both glass and metals, and must 
therefore be stored in wooden vessels. When employed in copper 
dye vats, its action on that metal may be prevented by hanging 
strips of sheet zinc in the vessel. 

A basic chromium chloride may be prepared by dissolving 
chromium hydroxide in chromium chloride, and is used for mordant- 

ing silk and cotton yarns. In mordanting silk (according to the 
recipe of the Badische Anilin- und Sodafabrik) the goods are 
immersed for six hours in a 20° B. solution of chromium chloride, 

then washed in plenty of water, treated in a cold bath of 1° B. 
sodium silicate for a quarter of an hour, unrolled, and carefully 

washed. 
The mordanting of cotton yarn with this reagent is effected in 

two ways—in one, the yarn is impregnated with the mordant 
solution, dried, and passed through a boiling hot solution of soda; 

whilst in the other, the hydroxide is fixed by the aid of tannic 
acid or oleic acid. (See Fixing Agents.) 

Alkaline chrome solutions are obtained by dissolving chromium 
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hydroxide in caustic soda, or by treating a dissolved chromium salt 
with sufficient caustic soda to redissolve the precipitate first formed. 
On account of their strongly alkaline reaction, their use is restricted 
to cotton. This fibre is mordanted by impregnating it with a 
solution of this kind and leaving it to stand for twenty-four hours, 
finally washing with water to get rid of the excess of the solution. 

Potassium bichromate, often called “chromate of potash,” is 
the most important of all the chromium salts, and plays a great 
part in the dyeing and printing of fabrics, its applications being 
many and varied. As a mordant its employment is restricted to 
wool, for which it forms the principal reagent of this class. 

The chroming of wool has been the subject of considerable 
study, the results obtained being as follows :—If wool be mordanted 
by bichromate alone, the material absorbs chromic acid, leaving 
a normal chromate behind in the bath. Since the composition 
K,CrO,+CrO,; must be ascribed to the bichromate in aqueous 
solution, the wool apparently takes up only the free chromic acid 
present, and therefore it is usual to increase the activity of the 
bath by an addition of sulphuric acid, which liberates chromic 
acid from the normal chromate, this extra acid being then absorbed 
by the wool: K,CrO,+ H,SO, = CrO,+K,SO,+ H,O. 

Thus rather less than 1 part by weight of sulphuric acid is 
required (theoretically) for 3 parts of bichromate; and this propor- 
tion is employed in practice, inasmuch as the solution used contains 
3 per cent. of bichromate and 43-1 per cent. of sulphuric acid 
(calculated on the weight of wool) with a 30-40-fold quantity 
of water. For very dark shades—especially when dyeing with 
polyoxyanthraquinone dyes (alizarine cyanines, etc.)}—44 per cent. 
of bichromate and 14 per cent. of sulphuric acid are used. The 
bath is never exhausted, a considerable quantity of chrome being 
left behind. 

The precise form in which the chromic acid is contained in 
the wool is unknown, but, from the yellow colour of the mordanted 
fibre, it is assumed that a portion of the acid is in the free state. 
On prolonged storage, especially exposed to light, an appreciable 
reduction to chromic oxide occurs, and this circumstance may lead 
to subsequent irregularity in dyeing. | 

It is assumed that the mordanting action of the chromic acid 
is confined to the portion reduced to the state of chromic ae 
by the wool and the dye-stuff. 

The method described is but seldom advantageous, more hand- 
some colours being obtained when the sulphuric acid is replaced 
by potassium bitartrate or oxalic acid. In such event, as may 
be concluded from the green colour of the mordanted wool, a much 
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more extensive reduction of the chromic acid to chromium hydroxide 
occurs; and that this is actually the principal effect of these adjuncts 
is evident from the fact that these two reagents may be success- 
fully replaced by other organic substances. Finally, mention may 
be made of the following fact:—-When wool mordanted with 
bichromate and sulphuric acid is treated with a reducing agent, 
such as bisulphite, it turns green, and then gives the same results 
in dyeing as though mordanted with bichromate and _ bitartrate. 
For this purpose the wool may be treated with 5 per cent. of 
commercial bisulphite solution for ten to fifteen minutes in a luke- 

warm bath. 
The circumstance that wool mordanted with bichromate and 

sulphuric acid generally furnishes dull colours may be explained by 
the assumption that the chromic acid oxidises a portion of the dye- 
stuff to discoloured products. 

The adjuncts, bitartrate and oxalic acid, do not behave alike, the 

former usually giving purer colours than the latter, and being there- 
fore more often used, notwithstanding its higher price. A purer, 

semi-crystal form of the bitartrate is employed for specially brilliant 
shades. The mordant for dark tones consists of 4 per cent. of 
potassium bichromate and 3 per cent. of bitartrate, whilst for 
lighter shades 1 per cent. of each is taken. 

In some cases the other adjuncts to the chrome bath are 
equal, and even superior, to bitartrate; thus, in mordanting hat 
bodies for light shades, oxalic acid is preferable on account of 
its cleansing properties; for dark shades with alizarine red and 
alizarine orange, sulphuric acid is the best seus to the bath, 
as giving very fast colours to milling. 

| Latterly, the use of a concentrated solution of lactic acid has 
been warmly recommended in many quarters as a substitute for 
bitartrate, and in fact it is both well adapted for this purpose 
and cheap. According to C. H. Boehringer’s recipe, the mordanting 
bath in this case consists of 14 per cent. of bichromate, 3 per cent. 
of lactic acid, and 1 per cent. of sulphuric acid. 

A consideration of some practical importance is the fact that 
light shades are rendered faster towards light when mordanted 
‘with chromium fluoride than with bichromate and one of the 
above adjuncts. The only explanation of this is by the assump- 
tion that wool mordanted with bichromate always retains part 
of the chrome as chromic acid, which then acts destructively on 
the dye in presence of light. 

Bichromate is an important agent in cotton-dyeing and calico- 
printing; it is used as an oxidising agent for aniline black, for 
catechu dyeing, to improve the fixing of certain tannin dyeings, 
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as a discharge for vat blue, and finally for the production of 
chrome yellow and orange on the fibre. 

Sodium bichromate is very similar to the potassium salt, from 
which it differs only in its hygroscopicity, ready solubility, and 
cheapness; it may therefore advantageously replace potassium 
bichromate. According to E. Knecht, the only instance in which 
the behaviour of the two is-different is in the mordanting of wool. 
The commercial grade of this salt is of variable composition, and 
should therefore always be checked by analysis. 

Chromic chromates are put on the market in three marks— 
GAI, GAII, GA III—by the Hochst Farbwerke, the two first 

grades being suitable for mordanting cotton by the following 
method :—Before use, the mark GA I is diluted with 2—4 parts of 
water, the goods being then immersed for twelve to twenty-four 
minutes, and carefully washed with water. Before rinsing, it is 
advisable to treat them with a weak (4 per cent.) solution of 
soda for twenty to thirty minutes at 60° C. Piece goods are 
impregnated with the solution by padding, then wound on a 
roller and left covered up, the remainder of the treatment being 
as already described. 

The GA ITI mordant can be fixed on the fibre by a gentle steam- 
ing or hanging in the oxidising chamber, and is better adapted for 
piece goods. The mordant is diluted with four times its own 
volume of water, and receives an addition of 8 to 10 per. cent its 
volume of glycerine; in this solution the goods are padded, then 
steamed for ten to twenty minutes without pressure, and finally 
treated as in the preceding case. Both these mordants are sensitive 
to light, a circumstance that should be borne in mind when they 
are being used. . 

Finally, the mark GA III is recommended for wool-printing and 
for mordanting silk, the latter being steeped for twelve to twenty- 
four hours in the mordant solution—previously diluted with about — 

- four volumes of water—and washed after lifting. 
Tin Mordants.—As independent mordants the tin compounds 

are of inferior importance; they are used for producing bright 
yellows with natural dye-stuffs, for cochineal scarlet on wool, to 
improve the brightness of alizarine red on cotton, and for a fast acid 

red with santal-wood on cotton (in mixed wool and. cotton goods). 
The chief of these salts are the chlorides—stannous chloride or 
“salts of tin,’ and stannic chloride—and sodium stannate. 

Stannous chloride is the most important mordant for wool. 
The bath is prepared with 14 to 4 per cent. of stannous chloride 
and 2 to 4 of oxalic acid or bitartrate, and the operation is 
generally conducted by the single bath method. The use of tin 
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mordants, however, lowers the capacity of the dyes for resisting 
the action of the milling process. 

In the case of silk, stannous chloride is used, not for mordant- 

ing, but for loading the fibre in black dyeing with cutch (catechu) ; 
whilst for cotton it is employed to brighten the colour in Turkey- 
red dyeing. 

By reason of its reducing action, aimnons chloride forms an 
important discharge in calico-printing. It is also used in. the 
production of the so-called “carmines,” 7.¢. colour lakes prepared 
by precipitating dye-wood extracts with stannous chloride 

A certain amount of care is required in dissolving this salt in 
water, owing to its tendency to separate out, in part, in the form of 
an insoluble basic salt (SnOHCl). The best way is to dissolve in a 
minimum of water and hydrochloric acid, in an atmosphere of carbon 
dioxide, 

Stannic chloride (tetrachloride) is the chief tin mordant for 
cotton and silk. On cotton it is fixed by the aid of tannic acid 
(g.v.) The method of mordanting silk with this salt—though 
seldom used—is as follows :—The silk is steeped for one hour in a 
clear 32° B. solution of stannic chloride, after which it is well 

washed with water and treated in a hot bath of soap and soda—or 
of the latter alone, according to the quality of the silk,—followed 
by another washing. Stannic chloride is very largely used for 
loading white or light-coloured silks. The method formerly adopted 
was that just described for mordanting with tin, but this has now 
been generally superseded by the following, which enables a heavier 
loading to be obtained. The silk, after passing the tin bath and 
the subsequent washing, is immersed in two baths at 50° C.—one 
hour in each—the first consisting of an 8° B. solution of sodium 
phosphate, the second of a 6° B. solution of sodium silicate. By 
this means the weight of the silk is increased by 18 to 20 per cent., 
or still more if the operation be repeated. Any stains produced in 
the silicate bath may be removed by ammonia. The tin escaping 
in the washing water may be recovered by precipitation with lime. 

Formerly the so-called “pink salt” (SnCl,2NH,Cl) was largely 
used for the same purposes as stannic chloride. A crystallised 
chloride (SnC1,5H,O) is also sold under the above title. 

Sodium stannate is frequently styled “ preparing salt,” owing to 
its employment in preparing fabrics for printing. Its chief use is 
in printing woollens, its employment for cottons being now mainly 

confined to the so-called “ Luccas.” 
Jute, also, is often prepared for printing by the aid of sodium 

stannate, the fabric being first padded with a weak solution of this 
salt (then dried, in the case of vegetable fibres), and then passed 

8 ° 
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through dilute sulphuric acid, which precipitates stannic acid on the 
fibre; the process concludes with a thorough washing. 

Sodium stannate is often used to brighten the colours in 
Turkey-red dyeing. 

Various tin mordants, formerly playing an important part in 
dyeing,—under the name of “tin solution,”’—can be obtained by 

dissolving tin in different proportions of nitric and hydrochloric 
acid. At present only one of these is used to any extent (for 
producing cochineal scarlet on wool), viz. the so-called “scarlet 

_ acid.” This is prepared in various ways, the following recipe, how- 
ever, giving a mordant that produces an excellent scarlet :—16 
parts by weight of tin are dissolved in 50 parts of nitric acid, 15 
parts of hydrochloric acid, and 78 parts of water, the metal being 
added by degrees. As considerable heat is evolved by the reaction, 
the mixture will require to be cooled. when prepared in the 
summer. 

Of the other compounds of tin, the following find a limited 

application in calico-printing as adjuncts for steam alizarine red, in 
order to enliven the colour and protect it against the dulling effect 
of iron :—-Tin hydroxide, in the form of “ tin paste” (prepared from 
stannic chloride and soda); tin sulphocyanide; tin acetate (prepared 
from stannous chloride and lead acetate, or by dissolving stannous 
hydroxide in acetic acid); and tin oxalate (by re stannic 
hydroxide in oxalic acid). 

Copper Mordants.—These mordants play a small but im- 
portant part in dyeing, their colour lakes being extremely fast, if 
not particularly handsome. At present copper mordants are rarely 
used alone, but are mostly associated with iron or chrome mordants 
in black-dyeing wool and cotton, in dyeing cotton with cutch, and 
for a few single-bath brown-dyeings with natural dye-stuffs on wool. 
In some of these cases, e.g. cutch, they act not merely as a mordant, 

- but also as an oxidising agent. 
Copper sulphate, or blue vitriol, is the only copper salt employed 

for the above purposes. In dyeing with aniline black, and as a 
_ reserve under vat blue, it acts solely as an oxidising agent; finally, 
it also serves for “ coppering” with many substantive dyes, in order | 
to increase their fastness to light; its action in this connection has 
not been elucidated. 

Of the other copper compounds, the sulphide is used as a carrier 
of oxygen in dyeing with aniline black. 

Amongst other metals, mention may be made of zinc, nickel, 

lead, manganese, lime, and magnesia. Zinc gives good colour lakes 
with a number of dye-stuffs, but the only form in which it is used 
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in practice is as zine sulphite for alizarine steam blue in ealico- 
printing, in which case it furnishes a handsomer though less 
stable colour than is obtainable with chrome mordants. 

The salts of nickel have several times been proposed as 
mordants for alizarine, but their high price has hitherto hindered 
their use. 

Lead was in use for some time in fixing eosine dyes on cotton, 
but does not give very good lakes, and at the present time only the 
acetate is of practical importance, this salt being employed in the 
preparation of other acetates, for chrome yellow and orange, and as 
an adjunct to reserves under vat blue. 

The supplementary mordants already referred to comprise salts 
of lime, magnesia, manganese, and zinc. In some dyeings—alizarine 
red, for instance—lime in particular plays an important part, its 
presence being essential to the mutual combination of the alizarine 
and the alumina. In other cases, e.g. many steam dyes in calico- 
printing, the supplementary mordants serve to increase the fastness 
of the colours produced by the aid of other mordants. They are 
used in the form of acetates. 

Manganese salts are used solely in the production of a brown 
colour, manganese bistre. Finally, in the form of potassium per- 
manganate, this metal finds employment as a bleaching agent. 

THE Fixinc AGENTS (AcID MorDANTSs). 

I. The Tannic Acids. MII. The Oleic Acids. 

A whole series of bodies, such as tannic acids, many oleic acids, 

albumin, precipitated silica, etc., have the property of fixing a 
certain class of dye-stuffs on cotton, for which they otherwise have 
but a slight affinity. Of the foregoing substances only the first 
three are of any practical importance, and one of them, albumin, 
will be described later, its use being restricted to calico-printing. 

The tannic acids’ and some oleic acids play a very important 
role in the dyeing and printing of cotton, where they are used for 
fixing basic dyes and mordants. Their mode of action is only 
partly understood, though the formation of an insoluble tannic or 
fatty acid compound of the metal must be assumed when a metallic 
oxide is fixed by the aid of a tannic acid or a fatty acid. How- 
ever, in the case of fixing basic dyes, no chemical combination 
between the colour base and the tannic or oleic acid is probable. 
At all events, the part they play is not so important as that of the 
mordants in the case of the adjective dyes, and for this reason they 
have received the distinctive title of “fixing agents,” though some 
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colour chemists, in the assumption that a combination occurs 
between the colour base and the tannic or oleic acid, class them 

as “acid mordants.” 

1. The Tannic Acids. 

The vegetable kingdom furnishes a number of substances pos- 
sessing very similar properties. They have an acid character, and 
act as precipitants of egg albumin, gelatin, alkaloids, etc. A few 
of them are used for tanning leather, on which account they have 
received the group name of “tannins” or “ tannic acids.” 

The chief tanning materials are oak bark, gall nuts, cutch, 
sumach, chestnuts, myrabolans, divi-divi, etc. 

Gall nuts are diseased excrescences produced on various plants, 
notably the oak tree, by insect punctures. They furnish the best 
known and, for the dyer’s purpose, the most important of the 

. tannic acids, viz. tannin, which is obtained by extraction with 
water, alcohol, and ether. The tannin is chiefly in the aqueous 
extract, and is recovered by evaporation. On evaporating to 
dryness a solution of tannin, to which alcohol and ether have 
been added, in slowly thickening liquid froths up under the 
influence of the escaping vapour and finally leaves a very loose 
mass, which comes into commerce as powdered tannin, and is 
held in high esteem on account of its ready solubility in water. 
“Tannin in needles” is the commercial crystalline form, and is 
prepared by evaporating to syrupy consistence a solution of tannin, 
drawing it out into threads, drying these on heated metal drums, 
and finally comminuting the product. 

Gallotannic acid contains as its most active ingredient a 
digallic acid, resulting from the condensation of two molecules 
of gallic acid, the condensation being assumed to proceed on the 

* following lines :— 

(OH), (OH), 
CoH cQOH CeHoco 

Big: ho a 
Ol /0 

CoH OH, | CoHs(On), 
Coor . COOH 

Cutch, or catechu, is employed as a dye-stuff and tanning 

material. 
Sumach is composed of the leaves and twigs of a shrub of the 

Rhus family, the best quality being furnished by Rhus coriaria 
(Sicily, Spain, the Balkans, etc.). Latterly it has also been sold 
in the form of a 30° B. extract. It contains gallotanic acid. 
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Chestnut extract is obtained from the wood of the horse- 
chestnut. 3 

Myrabolans are the fruit of various trees (Myrabolanus chebula, 
etc.) occurring in China and the East Indies. 

Divi-divi is the name given to the fruit of Cesalpinia coriaria, 
Willd., found in the West Indies and South America. 

Of all these substances the most important for the dyer are 
tannin, sumach, and cutch; of the rest, chestnut extract is princi- 
pally used in black-dyeing silk. 

All tanning materials exhibit a tendency to turn, on oxidation, 
into yellow or brown dye-stuffs, which have an affinity for cellulose. 
They are all therefore more or less strongly coloured, except tannin, 

which can be prepared quite colourless, and is therefore the only 
one that is suitable to use for light and bright shades. Of late, 
however, a decolorised sumach extract has been put on the market, 
and is adapted to replace tannin in most cases. 

When exposed to the air, dilute solutions of tanning materials 
oxidise and deposit a brown precipitate, and therefore should not 
be kept stored. 

In working with tannic acids, care should be taken to keep 
them out of contact with iron, since they form a dark-coloured 

compound with that metal. 

Application of Tannic Acids to Cotton. 

The employment of these substances in cotton-dyeing is prin- 
cipally based on their absorption by this fibre. On cotton being 
immersed in an aqueous solution of tannin, a portion of the tannic 
acid is gradually and uniformly taken up by the fibre. After some 
time the absorption ceases, a state of equilibrium then existing in 
respect of the distribution of the tannic acid between the water 
and the fibre. In any case, the amount absorbed is only very 
small, the absorption being least at boiling-heat, and most at a 
not very precisely determined medium temperature of about 
40° C. 

Other factors influencing the absorption are—the quantity of 
water, tannic acid, and cotton present, the influence being exerted 
in a very regular manner, which is quite analogous to the absorp- 
tion of dye-stuffs by textile fibres, and in accordance with the law 
of distribution, which will be more fully discussed in dealing with 
the theory of dyeing. The higher the proportion of tannic acid 
and the lower that of water taken, in comparison with the amount 
of cotton present, the larger the quantity of tannic acid absorbed. 
The necessary consequence of this behaviour is, that the fixing 
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baths must contain as little water as is compatible with the 
dissolving of the tannin or sumach. 

If the cotton be washed with a large volume of water after 
passing through the tannin bath, nearly all the absorbed tannic 
acid will be driven out again, and consequently no more than a 
gentle rinsing is permissible. 

Cotton treated with tannin is then capable of fixing basic dye- 
stuffs, inasmuch as it takes up the colour base and leaves the acid 
behind in the bath. Both these dyeings and the precipitates 
ensuing, on treating the corresponding dye-stuff solutions with 
tannin, are soluble in water as well as in an excess of tannic acid; 

consequently, the tannic acid salts of the colour bases cannot be 
fixed on the fibre. However, if the cotton be treated in a solution 

of a metallic salt after passing the tannin bath, there is formed 

an insoluble metallic tannate, firmly adherent to the fibre, and far 
more capable than free tannic acid of absorbing basic dyes from 
solution, and fixing them so as to stand washing. Whether under 
these conditions there occurs any chemical combination with the 
tannic acid attached to the metallic oxide is unknown, and is, 

moreover, improbable, since the absorption of the colour bases goes 
on with great readiness, even at the ordinary temperature. 

This important method of fixing basic dyes on cotton was dis- 
covered by John Dale and Thomas Brooke in the “sixties.” It is 
generally effected by the aid of tartar emetic as the metallic salt, 
the operation being performed in the following manner :—The 
cotton yarn is first well damped with hot water, and then left 
overnight in a hot solution of tannin or sumach, the amount of 
tannin varying—according to the depth of colour in view and the 
nature of the dye-stuff to be used—within somewhat wide limits : 
about 1-10 per cent. of the weight of the yarn, the usual amount 
being 2—4 per cent. For darker shades sumach is used; and 

it may be taken for granted that 3-4 parts, by weight, of 
sumach extract are equal to 1 part of tannin. Sufficient water 
should be used to just cover the yarn, and a hot bath has the 
advantage of expelling all the air out of the material, and thus 
facilitating impregnation. Moreover, in this case the gradual cool- 
ing of the bath during its sojourn overnight will enable it to retain 
for a longer period the medium temperature already mentioned as 
the most favourable for the absorption of tannic acid by cotton. 

After the cotton is taken out of the bath, it is well drained, 

and is then worked about in a bath containing, on the average, 1—2 
per cent. of tartar emetic, zc. about half the weight of the tannin 
used, and is finally washed with care. According to results obtained 
by Falke, only $ per cent. of tartar emetic is required to fix 2 per 
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cent. of tannin, and only 1 per cent. to fix 6 per cent. of tannin, thus 
showing that a large excess of tartar emetic is used in practice. 
This is, however, no particular drawback, as it ensures the thorough 

fixation of the tannin; and as the tartar emetic bath is used over 

and over again, there is no waste of antimony. 
After a slight tannin treatment, the cotton is only left in the 

tartar emetic bath for about ten minutes, the time being increased 
from a quarter to half an hour when a stronger tannin bath has 
been used. The rapidity of the fixing process is in — ratio to 
the concentration of the tartar emetic solution. 

Cotton piece goods should not be left to stand in the tannin 
solution, but are wound through a 5—20 per mil. solution of 
tannin by means of a jigger (g.v.) for some time, and then treated 
in the same way in a strong solution of tartar emetic; or the pieces 
are drawn through a warm concentrated solution of tannin, then 
wound up on a roller, left to stand for one to two hours, and fixed 
in the same manner as before. 

Although the process of fixing with tannin and tartar emetic 
has been known and practised in various ways for a long time, 
some uncertainty still prevails as to the best temperature for the 
tannin bath, and the time required for arriving at the state of 
equilibrium in the distribution of the tannic acid between the fibre 
and the water. The tartar bath is used cold, lukewarm, and hot, 

and equal uncertainty prevails as to the best temperature for the 
formation of the antimony tannate, and the amount of tannin to 
be brought on the fibre, in any given instance. Weber, it is true, 
elaborated a method for estimating the amount of tannin required 
to ensure the complete precipitation of the different basic dyes from 
solution; but the method itself is difficult of performance, and, 
besides, necessitates the previous determination, in each case, of the 
amount of tannic acid taken up by the cotton. 

Since the badly fixed dyeings with basic dyes on cotton are 
of very low stability, it is always well to use more tannin and 
antimony than are absolutely needed, the baths being used again. In 
the case of the tannin bath, the liquor may be recuperated by 
adding a very small fraction of the original charge, the quantity 
absorbed being so small. The tartar emetic bath should always 
contain a readily detectable amount of antimony, and be free from 
acidity and dirt. The water used for dissolving the tartar emetic 
should be pure. Acidity in this bath is the result of an accumula- 
tion of potassium acid tartrate, owing to the absorption of the 
antimony by the cotton. It may be neutralised by an addition of 
chalk, which is preferable, for this and similar purposes, to any 
other alkaline substance, inasmuch as it dissolves only just in the 
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same proportion as the acid salt is formed. Old tartar emetic baths 
contaminated with dissolved dye-stuffs must be clarified by settling 
or filtration before use again. 

The tannin and antimony fixing process has not suffered much 
alteration since its first introduction. Other organic acids, eg. 
benzoic acid and phthalic acid, are able to fix basic dyes on cotton ; 
but the colours obtained are deficient in fastness, though handsome, 
so that none of these substances has found any practical application. 
For some time zinc sulphate was used to replace tartar emetic in 
fixing tannin; but the colours were less fast, and, indeed, no other 

metal is as good as antimony for this purpose. Other antimony 
compounds equally as suitable as tartar emetic are—antimony 
hydroxide, potassium-antimony oxalate, and antimony fluoride, in the 
form of double salts, etc., which have been frequently recommended 
as “ tartar emetic substitutes,” and employed as such. 

Antimony] potassium oxalate (SbK,(C,H,),.4H,O) may be used 
to replace tartar emetic, weight for weight, notwithstanding its far 
smaller percentage of antimony; and, being readily soluble, is also 
suitable for reserves under basic dyes. 

The introducers of the last-named salt (Koepp & Co., of 
Oestrich-on-Rhine) have also put on the market a double fluoride 
of antimony and sodium (SbF,. NaF) as a substitute for tartar 
emetic; 658 parts by weight of the new salt being equivalent to 
1000 parts of the old. 

The “antimony salt” of E. de Haen (List, near Hanover) cor- 
responds to the formula SbF; .(NH,),SO,, and 9 parts are equivalent 
to 10 parts of tartar emetic. 

The double fluorides of antimony are strongly acid, and must 
therefore be neutralised before use. 

The property of tannic acid for forming, with the metallic 
mordants, insoluble salts that adhere to the fibre of cotton renders 

it very valuable as a fixing agent for mordants, the method of 
application being to first treat the cotton in a bath of tannin or 
sumach and then ina cold solution of the mordant used. Iron, 

tin, and alumina are fixed on the fibre in this manner, the method 

being chiefly valuable for yarn-dyeing. 
For fixing iron, the following procedure is adopted :—The cotton, 

after being treated with sumach, is passed through lime-water and 
then immersed in the iron mordant solution for a quarter of an hour 
to an hour, according to the amount of sumach used, the process con- 
eluding with a washing, preferably in hard water or water con- 
taining chalk, to neutralise the acid. The lime bath treatment 
produces calcium tannate, the neutralisation of the acid thus 
facilitating the formation of iron tannate in the subsequent iron 
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mordant bath. The method is modified in various ways, the 
lime-water treatment sometimes -following the iron bath, whilst in 
other cases chalk is added to the iron bath itself. The iron 
mordants used for this purpose are—ferrous sulphate, pyrolignite, 
and nitrate, a few degrees Baumé in strength. As iron tannate is 
of a greyish colour, the cotton treated in this way will also be 
grey or black, which is the reason why the use of iron in this con- 
nection is restricted to the production of dark shades. Blues fixed 
with tannic acid and antimony are often passed through an iron 
solution when required to be darkened. Iron tannate is also 
employed as an independent dye, an iron-grey of this kind being 
produced in yarns, notwithstanding that it hardens the fibre. The 
only use for iron, fixed with tannic acid, as a mordant is in black- 
dyeing. 

For mordanting with tin, the cotton after passing through the 
tannin bath is treated for about half an hour in a cold solution of 
stannic chloride (2—5° B. strength) and then washed with water 

containing lime. : 
As a fixing agent for alumina the sole use made of tannic acid is 

in Turkey-red dyeing (¢.v.), where it is employed to make the colour 

lake faster. 

is Application of Tannic Acid to Silk. 
atl 

In silk-dyeing, tannic acid is used for loading the fibre, fixing 
the iron, and solidifying the colour. 

Except in the case of light shades, the loading of silk by tannic 
acid is effected solely by the aid of sumach extract or chestnut 
extract. Some prefer to load after dyeing, but generally the 
loading and dyeing are combined in the same bath. The most 
favourable temperature for the absorption of tannic acid by silk 

is about 70° C. 
For ordinary black-dyeing on silk (gv.) the tannic acid is 

supplied by catechu, which serves both as a loading material and 
as a fixing agent for the iron. Souple silk is often loaded, and 
simultaneously mordanted with iron, by alternate treatment with a 
solution of tannin (principally chestnut extract) and a bath of iron 
pyrolignite. After the iron bath the silk is exposed to the air for 
a short time (about half an hour) in order to oxidise the ferrous 
tannate. The treatment with tannin and iron is often several times 
repeated, the strength of the later tannin baths being increased, and 

the operation being concluded with a washing in hard water. 
After repeated use the iron baths become acid through the libera- 
tion of pyroligneous acid, which is then neutralised by an addition 

of iron filings enclosed in a bag. 
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The solidifying process is employed to improve the fastness of 
the dye, and is performed by immersing the dyed silk in a luke- 
warm 8 per cent. tannin bath until the latter has become cold, 
whereupon the silk is washed, passed through a 4 per cent. bath of 
tartar emetic, again washed, and finally revivified. (See Dyeing.) 

In the case of wool the tannic acids are very little used, and 
then only in the form of sumach for a few single-bath dyeings with 
natural dyes. . (See Mordant Dyes.) 

2. The Oleic Acids. 

These substances are almost exclusively used for cotton. The 
earliest application of fatty bodies in dyeing occurred in the Turkey- 
red industry, which, even at the present time, consumes large 
quantities, chiefly of the sulphonated “tournant” oil class, to 

perfect the fastness of the colour by fixing the alumina of the 
colour lake, etc. (See Turkey-Red.) 

The so-called Turkey-red oil was first introduced about the 
middle of the nineteenth century. It is prepared by treating olive 
oil or castor oil (ricinus oil) with concentrated sulphuric acid, the 
proportions employed varying from 14 to 4 parts of acid per 
10 parts of oil, more acid being used in winter than in summer. 
The method of procedure is, however, the same all the year round, 
the acid being poured slowly into the oil, with constant stirring, and 
the whole then left to stand until a sample of the product is found 
to dissolve completely in water, whereupon the whole is poured into 
water .and washed with a solution of common salt to remove the 
excess of sulphuric acid. The residual acid is neutralised with soda 
or ammonia. 

While the acid and oil are being mixed, the temperature must 
be prevented from rising above 40° C., since otherwise the acid 
will exert an oxidising action, a condition revealed by the copious 
evolution of sulphur dioxide, in which case the product will be 
dark in colour and furnish poor results in dyeing. 

Good Turkey-red oil should dissolve to an almost perfectly 
clear solution in water; any slight turbidity formed can be re- 
moved by the aid of ammonia. 

As the name indicates, Turkey-red oil is mainly used in Turkey- 
red dyeing, where it serves to increase the brightness and fastness 
of the colour. Its composition formed the subject of numerous in- 
vestigations by Liechti and Suida, Miiller-Jacobs, P. Juillard, and 
many others, who devoted a great deal of attention to a thankless 
task in the hope of elucidating the process of Turkey-red dyeing. 
It is found that by the action of sulphuric acid on castor oil, 

~ 
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under the conditions prevailing in the production of Turkey-red oil, 
a large proportion of the oil is left unaltered, whilst another portion 
furnishes a sulphoricinoleic ester and ricinoleic acid; in addition, 

sulphonated glycerine ether and polymerised compounds (poly- 
ricinoleic acids) may also be formed, according to the conditions 
(temperature !) of the operation. These products, however, have 
little practical effect in Turkey-red dyeing. 

This was first demonstrated by P. Lochtin, who obtained with 
an acid ammonium ricinoleate just as good a red as with Turkey- 
red oil. Similar “acid soaps,” obtained by treating a dissolved soap 
with a quantity of acid just insufficient to produce separation of the 
fatty acids, are now largely used to replace Turkey-red oil; and it 
would seem that the practical value of the use of sulphuric acid in 
preparing Turkey-red oil from castor oil is confined to rendering the 
latter soluble. 

Turkey-red oil forms a good fixing agent for jageaanes but its 
practical application in this direction is confined to the fixing of 
alumina by various methods. For Turkey-red, for example, the 
fibre is first impregnated with a strong solution of Turkey-red oil 
(by the same appliances as were used in the old red-dyeing 
process), and then dried, the cotton being afterwards immersed for 
some time in a solution of basic alum or aluminium acetate, and 

finally washed with water containing chalk (to neutralise the acid), 
followed with pure water. Piece goods are left rolled up for some 
time after passing the alum bath, to facilitate the fixing of the 
aluminium fatty acid salt. 

The fixing process is also effected in other ways, a solution of 
soap being frequently used in place of the Turkey-red oil; for 
instance, the cotton is steeped for several hours in a solution of 
basic alum, then lifted, drained, and treated with a hot soap 

solution, followed by washing, the whole procedure being repeated 
if necessary. 

Turkey-red oil can also be used for fang basic dyes on 
cotton, but the resulting colours are less stable, though more hand- 
some, than those obtained by the tannin-antimony process. The 
goods may be impregnated with Turkey-red oil, and then dyed 
after drying; or, better still, the oil is fixed as above, with alumina. 

Practically, however, this method is only of value in the case of 
rhodamine, which dye-stuff gives only a dull lilac when fixed with 
tannin and antimony, but a beautiful rose-red when fixed with 
Turkey-red oil. In this special case the following method is 
adopted :—The cotton is first treated for ten minutes in a 10 per 
cent. solution of Turkey-red oil, and, after draining and drying at 

a moderate heat, is worked about several times in a 6° B. solution 
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of aluminium “acetate (or aluminium sulphocyanide), followed by 
draining and drying. After rinsing, the mordanting operations are 
repeated in the same baths, and. the goods slightly rinsed again, 
the dyeing being finished before they are allowed to dry. 

Another very frequent use of Turkey-red oil is in the pre- 
paration of cotton piece goods for calico-printing (q.v.). 

Application of Oleic Acids to Silk. 

These substances are used for two purposes in silk-dyeing, viz. 
for brightening the colours and for softening the fibre. 

In the first case use is made of an emulsion of olive oil or 
“tournant oil,’ more or less strongly acidified. (See Acid Dye- 
Stuffs. ) 

For softening purposes, especially in the case of “souple” 
silk, the so-called “deux huiles” (two oils) are used, consisting of a. 
mixture of equal parts of sulphuric acid and olive oil. The acid is 
poured slowly into the oil, which is kept rapidly stirred, the mixture 
being diluted with warm water, when bubbles begin to form; and 
the silk is drawn through this bath for a short time, whereby it is 
immediately softened. The usual proportions are 2 per cent. of oil 
(calculated on the weight of the silk) and an equal quantity of acid. 
(See also Application of Acid Dye-Stuffs to Silk.) 



CHAPTER IV 

DYEING 

For the sake of convenience, the diversified subject matter of this 
chapter has been divided as follows :— 

I. Theory of colour ; combination of colours ; dyeing to pattern. 
II. Theory of dyeing. 

III. Classification of the dye-stuffs; methods of dyeing. 
IV. Dyeing textile fibres on the large scale, 

V. Trial dyeings; colorimetric determinations; reactions of 
dye-stuffs on the fibre; tests for fastness. 

I. Theory of Colour; Combination of Colours; Dyeing to 
Pattern. 

It is usual. to regard the colour of any substance as a special 
property of that substance, inherent to and dependent on its nature 
solely ; but what we are accustomed to call the true colour of any 
object depends not upon itself alone, but on the eye of the observer 
and on the light rays by which the object is illuminated. Colours 
have no real existence, but are mere subjective impressions that 
we receive from the light falling upon the object in question. It 
is more than probable that no two persons receive exactly the same 
impression from the observation of any colour, even though they 
employ the same word to express it. 

This divergence in the vision of colours may extend to colour- 
blindness, or the incapacity for distinguishing between widely 
different colours—generally red and green. A still more important 
part in this connection is played by light, since the colour of any 
object is nothing more or less than that portion of the impinging 
light that is reflected by the object. The light we have solely to 
consider is that of the sun, which is composed of light rays of all 

colours. If this light be allowed to fall on a glass prism it will be 
analysed into its constituents, the various light rays undergoing 
different degrees of refraction, and in this manner we obtain a 
coloured strip containing all the colours present in sunlight, each 
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one separated from the others. These are known as “the colours 
of the spectrum,” and if the same light rays be reunited we again 
obtain white light. 

Again, certain colours of the spectrum will furnish white light 
if united in pairs; and such colours are termed “complementary 
colours,” their arrangement being as follows :— 

Red and bluish green. 
Orange and greenish blue. 
Yellow and blue. 
Greenish yellow and violet. 
Green and red violet. 

White is therefore not a colour capable of physical definition, 
but is merely a mixture of sensations, a physiological phenomenon, 
caused by the incapacity of the human eye for analysing a mixture 
of various light rays as the ear distinguishes the several notes in a 
musical chord. This incapacity for distinguishing between simple 
and. compound colours is not confined to white, but extends to all 
other colours as well, the eye receiving merely a total impression ; 
in fact, so little is the organ in question capable of differentiating 
between colours simultaneously impressed on the retina, that the 
effect of a uniform colour can be produced by a skilful blending 
of several different colours, as is actually done in Parisian Gobelins 
fabrics. 3 

Consequently when we speak of the true colour of an object, 
this term merely implies that the object has the property of 
absorbing all the rays in sunlight except those corresponding to 
the said true colour. For this reason it will appear of a different 
colour if illuminated by another kind of light. Thus, for example, 
a red object illuminated by a white light compounded of blue and 
yellow rays will absorb both these colours, and appear to be no 
longer red, but black. 

The colours of all terrestrial objects, as also of all natural and 
_ artificial dye-stuffs, are neither so homogeneous nor so intense as 
the colours of the spectrum. For instance, there is no single red 
that—like the red of the solar spectrum—consists solely of this 
colour without any admixture of yellow or blue. Again, since such 
colours lack the intensity of those of the spectrum, their mixtures 
do not furnish a white—like the complementary colours of the 
spectrum—but a more or less dark grey. 

Grey is therefore a white of low intensity; whilst, considered 
from a physical standpoint, black is not a colour at all, its intensity 
being nil. Therefore when we view a white surface the sensation 
of light is so intense that the formation of a clear conception thereof 
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becomes difficult, such an effect being unattainable by our natural 
and artificial dye-stuffs. A further consequence of this is that the 
dye-stuffs or any other coloured materials destroy more of the 
impinging light than pure white bodies. Hand in hand with this 
absorption of light proceeds the absorption of heat by the colour, a 
circumstance that may account for the known faculty possessed by 
the blind of distinguishing between colours by touch. 

The comparative intensity of colours can be determined and 
expressed in numerical values by the aid of a very simple piece of 
apparatus. For this purpose a circular white disc is divided into four 
sectors, two of them being then painted a deep black, as shown in 
Fig. 25. On setting this disc in rapid rotation, the mixed impres- 
sions of black and white produces the sensation of grey, the intensity 
of which is evidently determined by the angle of the two white 
sectors. If we set down the intensity of white as 1 and that of 
black as zero, the grey resulting from the rotation of the disc 
in Fig. 25 will have the intensity 33> =%. To measure the 

intensity of any colour, the two opposite 
sectors of a white disc are painted over with meee 
that colour, and the remainder of the disc 

painted with a complementary colour, the 
angles of the painted sectors being then 
varied until a grey is obtained on rotating 
the disc. By determining the intensity of 
this grey in the manner described above, we 
have a measure of the intensity of the two 
colours on the painted disc, when it is recalled Fic. 25. 

that these intensities are inversely proportional 
to the dimensions of the angles of the respective sectors. Hence 
if the two complementary colours are of equal intensity, exactly 
one-half of the disc must be painted over with each in order to 
produce a grey on the disc being set in rotation. On comparing 
the various available colours by this means, their intensity will be 
found to vary considerably, there being, for example, no single 
blue, green, or violet equal in intensity to the yellow of lead 
chromate. 

In everyday life, as also in the dyeing and printing industries, 
an entirely erroneous conception exists as to the meaning of the 
“intensity ” of a colour, this being generally confounded with depth 
of colour—a totally different property. Thus, for example, if a 
blue be mixed with black, it becomes deeper in colour, but not more 
intense, the intensity of black being ni/. In this way dark dyeings 
may be produced with a very little dye-stuff; and as the beauty of 
the colour is improved by the admixture of an absolute black, a 



128 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

black of this kind would be very valuable, provided it also possessed 
the other qualities demanded of a good practical dye-stuff. With 
such a black it would be possible to produce a series of dark shades 
much handsomer and more cheaply than is obtainable by existing 
methods. On mixing colours with blacks of the kinds now avail- 
able, the following modifications are produced :— 

Yellow with black gives brown. 
Green . re olive. 
Red - 3 red brown. 
Blue 5 Be grey blue. 

If the intensity of the colours be reduced by applying them in 
thinner layers, they suffer a peculiar change of tone, becoming 
poorer in red. Thus, orange becomes yellow, blue turns more 
greenish blue, etc. Therefore, if it be desired to lighten a colour 

without altering its tone, it must receive an admixture of red. 
The knowledge of which colours are complementary to each 

other is of considerable practical value. In dyeing textile fibres 
the colours are mostly produced by combining two, three, or even 
more dye-stuffs,—mode colours, for instance, being generally obtained 
by combining yellow, red, and blue, the dye-stuffs used having to 
fulfil two principal requirements—suitability for combination and 
good equalising properties. Most of the dye-stuffs of any one group 
will combine well together; but dyes that require a strongly acid 
bath will combine badly with such as have to be dyed in a neutral 
or weak acid bath. Equalising implies the uniform distribution of 
the dye throughout the fabric, etc., without difficulty. 

In. addition, however, certain other factors have to be con- 

sidered, such as fastness to light, the shade, brilliancy, and price of 
the dye-stuff; so that it is sometimes a matter of difficulty to fix 
upon the most suitable dyes for a given colour. 

Occasionally in combination dyeing a hitherto unexplained 
phenomenon is noticed, some unstable dye-stuffs giving fast colours 
when combined with other dyes, eg. the case with methyl-violet 
along with alizarine on cotton. 

If a fabric be dyed with a blue, a yellow, and a red dye-stuff 
in certain proportions—entirely dependent on the properties of the 
dye-stuffs themselves, such as tone, productivity, and affinity towards 
the tibre—a grey will be produced. Hence these three colours 
should be complementary. However, yellow and blue have already 
been given as complementary, and should therefore suffice to give 
a grey when combined; the addition of red should consequently 
furnish a brownish red. To find an explanation of this apparent 
paradox it should be remembered that the colours at our disposal 
are not homogeneous, green being present both in blue and yellow. 
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On the two being mixed together, one complements the. other 
and grey is formed, but now the green present in both makes 
itself apparent, and we have, instead of grey, a greenish colour.’ 
Now, in presence of the red, this latter combines to form a grey 
the red and green being complementary colours. If in such a 
combination the yellow preponderates, a yellowish grey, drab, or 
brown will be produced, a predominance ,of blue giving a greyish 
blue, and so on. The colours resulting from combinations of only 
two of these colours can be easily deduced: blue and yellow 
furnish green; blue and red, a bluish red or violet; yellow and 
red, orange. 

Knowledge of such combinations mostly finds its application 
in dyeing to pattern, which consists in producing a colour that 
shall exactly match a given pattern. 

In many dyeings only a single dye-stuff is employed, but if 
the dyeing is to be strictly to pattern, the aid of other dye-stuffs 
has often to be sought in order to obtain the desired tint. Thus 
if in dyeing a blue, for example, the colour has come out rather 
greener than the pattern to be matched, it must be shaded off 
by adding a small quantity of red or violet. A bluish black can 
be shaded or converted into coal black by the aid of a yellow 
dye. | 

One circumstance in particular occasionally renders dyeing to 
pattern a really difficult task, namely, that a simple comparison 
with the pattern immediately after dyeing is not sufficient, it 
being necessary to take into consideration the changes the colour 
is likely to suffer in the subsequent operations of washing, drying, 
finishing, etc. This necessitates an accurate acquaintance with 
the behaviour of the particular dye-stuff in question—a knowledge 
only to be acquired by practice. Thus if it be known, for 
instance, that a given yellow dye has the property of becoming 
greener in the subsequent operations, then, in order to arrive at 
an exact match to the pattern, it will be necessary to at first dye 
somewhat redder than the required shade. 

Occasionally, too, it is necessary to dye a colour over with 
a small quantity of another dye-stuff, particularly when it is desired 
to increase the brightness of the colour. In such event a bright 
dye of the same shade and with good equalising properties is used. 

The comparison of a dyeing with the original pattern is known 
as “matching”; and in this operation the following considerations 
must be borne in mind :— 

1 On mixing yellow and blue—not substantially, but in the state of the sensations 

produced by both colours on the retina—a grey is obtained, as may be demonstrated 

by the rotating disc aforesaid. 
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1. Colours have a different (generally darker) appearance on 
the wet material than on the dry fibre; consequently, in matching, 
a small piece of the dyed material must be taken and dried ; though, 
with practice, wet matching is possible. 

2. The general and particular appearance of the two specimens 
must be compared, so as to enable an wnmediate judgment to be 
formed as to their similarity or difference. The longer the eye 
looks at colours the less sensitive does it become to slight differences 
between them. 

3. The samples should never be viewed by artificial light, but 
always by diffused daylight. Even in this case, however, one and 
the same colour will sometimes have a different appearance, this 
being more particularly observable in the case of certain aniline 
drabs on wool, which appear greener at one time and more reddish 
at another, according to the lighting of the place where the 
inspection is made. 

Finally, it should be mentioned that in harmonising colours 
(in cloth-printing) the best results will be obtained when the 
colours in juxtaposition are mutually complementary; also, that 
the brighter colours ought to be allotted a correspondingly smaller 
space than the others, in order to prevent the total effect being 
spoiled by the predominance of one or two of the colours. 

2. Theory of Dyeing. 

The two principal factors influencing the method of performing 
any operation of dyeing, and the behaviour of the colour when 
finished, are the dye-stuff and the fibre. Dye-stuffs behave variously 
in dyeing, the difference being dependent on their chemical com- 
position and on the nature of the fibre to which they are applied. 

An examination of the classified dye-stuffs shows that the 
mutual relation of the members of each class depends more on a 
single property held by them in common than on their constitution. 
Thus all the numerous acid dyes, be their constitution never so 

divergent, behave in a perfectly analogous manner when applied 
to the different textile fibres, and exhibit no fundamental differences. 

This they evidently owe to their acid character, due to the presence 
of sulpho-, nitro-, and hydroxyl groups, the last named playing the 
principal part in this connection. 

The basic dye-stuffs, whether azo compounds like chrysoidine 
or belonging to the triphenylmethane derivatives like fuchsine, all 

' The following sources have been drawn upon in compiling this section :—Georgie- 

vics :—Mitth. Techn. Gew. Mus. Wien, 1894, p. 165; ibid. pp. 205-220, 349-361; 

Monats. f. Chem, v. 15, p. 705-717; 16, pp. 345-350. Lehne’s Farber Ztg. 1895-96, 
pp. 17-18. Chemiker Ztg. 1895, p. 426. 
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exhibit the same pigmentary character, thanks to the one or more 
amido groups present in each. : 

The substantive dyes, without exception, contain both acid and 
basic groups at the same time. Their capacity of dyeing cotton 
direct must be sought in the basic part of their molecule. 

In the case of the mordant, or adjective, dyes, the relation 

between their constitution and their capacity for dyeing mordants 
has not yet been thoroughly investigated. This. much is certain, 
that here also the hydroxyl groups play the principal part, this 
property being due to a special quality, and not to their acid 
character alone, since otherwise the far more strongly acid sulpho 
groups would exhibit a similar influence, which is not the case, 
the capacity of a dye for fixing with mordants being diminished 
by the presence of sulpho groups. 7 

The insoluble dyes, like the developing and albumin dyes, can 
only be compared with the other groups when in their developed 
and finished state. 

However different the various dye-stuffs and fibres may be, all 
dyeings have so much in common, in respect of their method of 
production and their behaviour, that they must be regarded as 
belonging to the same type of phenomenon, their difference being 
merely one of degree and not of principle. 

As regards the method of production, the following observations 
apply :— 

The dye is. taken up gradually by the fibre—and best in the 
warm—the operation being complete in a short time, usually 
within the hour. At the expiration of this period no more of 
the dye is absorbed, even though the fibre be left in the bath 
for days. The slower the rate of absorption the greater its power 
of withstanding the influence of washing when once fixed on the 
fibre, though this only applies within certain limits. A portion 
of the dye always remains behind in the bath, this proportion 
being the greater the larger the amount of water and dye present 
in relation to the quantity of fibre and the degree of instability 
—as regards the influence of washing—of the dye itself. The 
larger the quantity of dye taken up by a fibre, the less is it 
capable of absorbing a further amount of the same; consequently. 
the first portions of dye are absorbed more rapidly and with 
greater energy, and therefore adhere more firmly to the fibre. 
The latter has a tendency to absorb relatively more dye from 
dilute than from concentrated solutions; and a light shade of 
dye is always relatively faster to washing than a darker shade 
produced by the same dye-stuff. If it be attempted to re-extract 
absorbed dye from the fibre by means of water, the following 
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characteristic phenomenon is observed, namely, that, with extremely 
rare exceptions, this removal is incomplete, even when enormous 
quantities of water are used, thus showing that the dyeing process 
is by no means an entirely reversible one in the majority of 
instances. 

When several colours are applied to the same fibre, the amount 
of each finally absorbed is independent of the order in which they 
come into action. It is therefore immaterial, so far as the final 

result is concerned, whether the several dye-stuffs be applied together 
or in succession ; though it is essential that the same bath be used, 
that the dyes baleen do not precipitate one another from solution, 
and also that the fibre be immersed in the bath until Laan 
is established as regards the distribution of the dye between the 
fibre and the dye-bath. This, however, as a general thing, only 
applies to hot dyeings; in dyeing at the ordinary temperature, a 
superposition, or overlaying of one dye above another, may some- 
times occur. 

This behaviour of dye-stuffs in dyeing must be based on some 
definite law, which may be ascertained by the quantitative examina- 
tion of the distribution of a dye between the fibre and the bath. 
By determining how much dye has been taken up by the fibre, and 
how much is left in the bath, and calculating from these data what 
quantities of dye are contained in equal weights of the fibre and 
the bath liquor, we obtain two values, which may be expressed by 
Cf. (fibre), and Cb. (bath). The quotient Cf.+Cb. is termed the 
coefficient of distribution, and its dimensions depend on the nature 
of the dye-stuff and fibre, the temperature of the dyeing process, and 
the concentration of the bath liquor in relation to the amount of 
fibre treated. The rule is that the coefticient of distribution slowly 
sinks as the concentration of the bath increases. 

If this diminution of the coefficient of distribution be actually 
quite uniform, then, for mathematical reasons, the expression 

Ch 
Cr 

tration. This is, in fact, actually the case in two instances, viz. 
the dyeing of silk with indigo-carmine at boiling-heat, and in dyeing 
mercerised cotton with methylene blue in the cold. 

- When it is considered how varied are the circumstances and 
factors coming into play in these two dyeings, and that a gradual 
reduction of the coefficient of distribution is also noticed in 
numerous other instances of dyeing, there will be no hesitation in 
according the above expression the dignity of a law, which, how- 
ever, for reasons that cannot be argued out in detail here, only 

applies in its full extent to light and medium colours. 

must possess a constant value independent of the concen- 
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The aforesaid peculiarities of the dyeing process find. their 
precise mathematical expression in the formula 

—— = a constant, 

the “law of distribution,’ and can also be deduced therefrom. 

Furthermore, the value of the root-sign # affords a measure of 
the affinity of the dye for the fibre, and naturally varies for 
different dyeings, being greater in proportion as the affinity of 

the dye-stuff for the fibre increases. 
From this law of distribution follows the practically important 

fact that the absorption of the dye—especially those that are not 
taken up readily—is primarily dependent on the volume of the 
bath liquor. It would therefore be more correct to apportion the 
weight of dye taken to the volume of the bath liquor, and not, as 
is the usual practice, to the weight of goods to be dyed. 

Another circumstance, and one that has not yet been mentioned, 
influences the dyeing of the textile fibres, namely, their fibrous 
structure. If a textile fibre be dyed in its fibrous condition, and 
in the state of powder, it will be found that the powder takes up 
more dye in the cold than the fibrous form, this resulting from the 
greater amount of surface exposed. In the warm, the conditions 
are reversed, the fibrous structure in this case offering the greater 
resistance to the extractive action of the bath water. As a matter 
of fact, it is invariably found that materials dyed in the state of 
fibre exhibit greater fastness to washing than such as have been 
dyed in the state of powder. 

How great is the importance of structure in dyeing is most 
clearly seen in the case of bodies with only very slight affinity for 
dyes, by dyeing them with substantive dyes, in both forms, structural 
and amorphous. A good example of this is afforded by asbestos, 
which, in the powdered state, absorbs little or no dye, but takes up 
a fair amount in the fibrous condition. 

Structure introduces a new factor into the dyeing of textile 
fabrics, namely, capillarity, the influence of which, as may be 

gathered from the foregoing, is favourable. Nevertheless, it does 

not effect any modification of principle in the nature of the dis- 
tribution of the dye between fibre and dye-bath, and consequently 

./C bath 
C fibre 

structure, the influence of the latter only coming into play in the 
value of K. Finally, the favourable influence of structure on 
dyeing is also made manifest in the phenomenon of equalising 
(q.v.). ‘Some dyes equalise very well, so that any patchiness 

the law of distribution = K is independent of the 
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becomes thoroughly obliterated as dyeing progresses, a transference 
of dye occurring from one part of the fibre to another—apparently 
favoured by the structure—until the distribution is uniform. The 
cause of this phenomenon is, however, deeper, and can be deduced 
from the law of distribution in the following manner:—Let us 
assume that a sample of stuff to be dyed has first been bound 
round in one particular place, and is then immersed in a solution 
of a good equalising dye until equilibrium ensues. On then 
untying the stuff, and immersing the undyed portion again in the 
dye-bath, what happens? That portion which was protected from 
the action of the dye enters into mutual reaction with the dye-bath, 
and continues to absorb dye until equilibrium is accomplished in 
accordance with the law of distribution. The bath, however, is 

thereby weakened, and thus the equilibrium between the bath and 
the rest of the stuff is disturbed, the result being that a portion 
of the dye is removed from all parts of the latter that were 
dyed previously. This performance is repeated until proper dis- 
tribution is accomplished between the dye-bath and the entire 
stuff. 

From this explanation of the phenomenon of equalising, it 
follows that the equalising property of a dye is in inverse ratio to 
its power of withstanding washing; the more completely revers- 
ible the dyeing, the more readily will any initial irregularity be 
equalised. 

It is next essential to give attention to the properties of the 
finished dye; and all that can be said on this point can be told in 
few words, viz. that the dye behaves in nearly all its reactions 
just as though no fibre were present. Martius yellow and similar 
dyes separate from the fibre, by sublimation, when heated; fluor- 
esceine is converted into eosine by the action of bromine; dyes 
containing a free-amido group can be diazotised on the fibre, and 
converted into more complex azo dyes by coupling with phenols 
and amines; very dark dyeings with fuchsine, methyl violet, and 
similar dyes, will bronze just in the same manner as the dye-stuffs 
themselves, ete. 

_ Only, in fact, in two respects, viz. fastness to light and washing, 
does the presence of the fibre make itself felt. The washing fast- 
ness of a dyeing, or its behaviour towards solvents, depends not only 
on the solubility of the dye in question, but also on its affinity for 
the fibre and upon the way in which it is fixed thereon; and the 
solvent, in addition to the task of dissolving out the dye, has also to 

overcome its affinity for the fibre, a task which is naturally lighter 
in proportion as the fixing is defective. 

The fastness of any dye towards light is chiefly dependent 
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on the constitution of the dye itself. Here, however, we are in 
presence of a phenomenon that, until quite recently, was entirely 
enigmatical, namely that the fastness of one and the same dye 
towards light differs on different fibres, the reason for this being 
that a dye may be absorbed in varying molecular dimensions by 
different fibres. 

This may be traced from the law of distribution, but, in order 

to do this, some brief consideration must be devoted to another 

process—that of solution. Under the term solution we understand 
an intimate molecular admixture of two or more substances. If we 
allow two non-miscible solvents, such as water and ether, to act 

simultaneously on a substance that is soluble in both, we find that 
—just as in the case of dyeing, where a part of the dye is absorbed 
by the fibre, whilst part remains in the bath—a regular distribution 

-of the substance occurs between the two solvents, and in such a 

manner that the ratio of concentration, the coefficient of dis- 

tribution, is a constant value. This is known as Henry’s law. 
Instances are, however, known where the coefficient of dis- 

tribution is not constant, but varies with the concentration. 

Van t’Hoff, Nernst, and Kiister have proved that in these abnormal 

cases the molecular constitution of the dissolved substance is 
different in the two solvents, but that here also a constant 

expression for the distribution of the dissolved matter can be 
obtained. 3 

If the concentration of the substance in the one solvent be 

expressed by C,, and that of the other by C,, and we assume that 
the substance in question is dissolved as single molecules in the 
first solvent, and as double molecules in the second solvent, the 

Cy expression - will furnish a constant value. 

Now this ye is evidently identical with that we already 
know as expressing the regular distribution of a dye between the 
fibre and the dye-bath, and we can therefore deduce from its form 
2/C bath 

C tibre 
dyeings—the dye-stuff must exist in different states of molecular 
constitution in the fibre and the bath; the fibre takes up simple 
molecules, leaving more complex molecules of dye-stuffs behind in 
the bath. 

This is in perfect accord with the fact that dyeing is better 
effected in the warm than in the cold, the heat causing the complex 
molecules to break down into a ‘simpler form, which is then taken 
up by the fibre. The difference in molecular dimensions between 
the absorbed and residual dye is expressed in the value of the 

= K the conclusion that—just as in solutions, so also in 
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root-sign x, which, as already stated, is dependent on both the dye- 
stuff and the nature of the fibre. The dye is therefore absorbed 
differently, as regards molecular dimensions, by different fibres, a 
circumstance which explains the varying fastness to light of one 
and the same dye on different fibres. 

Dyeing and solution are therefore analogous phenomena, a fact 
that, after being theoretically assumed by O. N. Witt, was first 
experimentally demonstrated by the author. Certain divergences, 
however, exist between the two, so that we are not justified in 
regarding the dyeing of textile fibres as a kind of “solid solution,” 
since, were the dye really dissolved in the fibre, and the latter con- 
sequently permeated in a perfectly homogeneous manner, the ratio 
of distribution would be independent of the mechanical properties 
of the fibre. This, however, is not the case, it having already been 

shown that a powdered fibre is able, in consequence of its greater 
surface, to absorb far more dye in the cold than when in the 
fibrous condition. — . 

The behaviour of dyeings towards water also tells against the 
solid solution hypothesis. Most dyes are absorbed better in the 
warm; hence, if the dyeing process be regarded as a phenomenon 
of solution, it must be assumed that at higher temperatures the 
solvent power of the fibre for dyes is greater than that of water, 
and that, conversely, at low temperatures the dye-stuff is more 
readily soluble in water than in the fibre. If this were the case, it 
would also follow that the dyed material would part with a larger 
quantity of dye when washed in cold weather than with hot, 
whereas, as is well known, the contrary is the case. 

Some chemists regard dyeing as a kind of chemical combination 
between the dye and the substance of the fibre. According to this 
“chemical theory of dyeing,” the keratin of wool and the fibroin of 
silk behave like the amido acids in exhibiting simultaneously an 
acid and a basic character, playing the part of an acid in presence 
of basic dyes, and acting like a base in presence of acid dyes. 
Knecht afforded some support to this view by his discovery of the 
fact that, in dyeing wool and silk with fuchsine and similar basic 
dyes, the colour base alone is absorbed, leaving behind in the bath 
the whole of the hydrochloric acid with which the base is combined. 

The explanation offered for this process was to assume that the wool 
and silk decomposed the fuchsine into hydrochloric acid and colour 
base, and formed with the latter a compound resembling a salt, 

since it was considered impossible for the colour to be due to the 
free rosaniline base, which is colourless. 

This explanation of fuchsine dyeing became, however, untenable 

when it was proved that the decomposition of the fuchsine is 
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effected already by the water of the dye-bath; also that the 
rosaniline base exists in a coloured form; and, finally, that the 

hydrochloric acid of the fuchsine remains behind, quantitatively, in 
the bath in the dyeing of inert substances like glass, clay, etc. 

A further support to the chemical theory of dyeing was 
regarded by some as afforded by the fact that all dyes exhibit an 

_ acid or a basic character, or the two combined, a body of perfectly 
inert chemical character having no dyeing power. In this view, 
however, one consideration is forgotten, viz. that a whole series of 
physical processes are also influenced by the chemical character of 
the substance coming into play. Thus, to give only one example, 
the well-known fact that aqueous solutions of caustic alkalis will 
adhere firmly to glass, whilst aqueous solutions of acids adhere only 
to a slight extent, and mercury not at all, has never yet been 
explained by anyone as due to chemical interaction. In reality, not 
one single fact is known that would indicate the probability of the 
occurrence of chemical combination between the dye-stuff and the 
fibre in dyeing; whereas, on the other hand, there are a number of 

weighty reasons ‘proving the contrary, viz. : 
1. In chemical compounds the combination occurs in definite 

molecular proportions; whilst the case is altogether different in 
dyeing, the quantity of dye absorbed being determined by the law 
of distribution, which definite and regular distribution could not be 
possible unless the dye-stuff were in exactly the same chemical con- 
dition in both the fibre and the bath. Hence, if the acid of a dye- 
stuff be found in a free state in the bath, it must also be present in 

the free state in the dyed fibre. 
2. Chemical compounds possess different properties to those of 

their constituents; this is not the case in dyeing. | 
3. In the dyeing of wool and silk with acid dyes the absorption 

of the dye takes place in the presence of a strong acid, ¢.g. sulphuric 
acid. Now an increase in the amount of such strong acid would be 
the reverse of favourable to the production of a salt-like compound 
between the dye acid and the keratin or fibroin present; whereas, 
as a matter of fact, an addition of sulphuric acid to the dye-bath 
leads to an increased absorption of dye. 

4, A series of dyeings, of an indubitably mechanical origin— 
such as manganese bistre, and the dyeing of chemically inert bodies 
like asbestos, glass, etc.—clearly show that dyeing may be the result 
of adhesion alone. 

5. It is also possible to dye one colour upon another. 
For the above reasons it may therefore be concluded that 

dyeing is a phenomenon of absorption, the dye being retained on 
and in the fibre by adhesion. 
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III. Classification of Dye-Stuffs; Methods of Dyeing.’ 

Since in this chapter we are solely concerned with the applica- 
tion of the dye-stuffs in the processes of dyeing and printing, the 
sole principle of classification we can adopt is based on the method 
of dyeing necessary to bring them on the fibre. The different 
classes of dyes, therefore, may be set down as follows :— 

: Acid dye-stuffs. | 
Basic or tannin dyes. 
Dye-salts or substantive cotton dyes. 
Mordant dyes. 
Vat dyes. 
Developing dyes. 
Albumin dyes. See Shoe? be 

1. Application of Acid Dye-Stuffs. 

The acid dyes are mostly sodium salts of sulpho-acids, and this 
class comprises the different marks of tropeoline, ponceau, Bordeaux, 
scarlet, fast red, chromotrope, black azo dyes (such as naphthol 
black), acid violet, acid green, several aniline blues, patent blue, 

several fast blues or indulines, tartraziné, quinoline yellow, azo- 
carmine, indigo-carmine, etc., as well as such dyes as owe their 

acid character to the presence of nitro and hydroxyl groups—the 
nitro dyes and eosines. 

Dyes of this class are more frequently used than any others for 
dyeing wool and silk, but are not well adapted for dyeing cottons. 

Application to Wool.—tThe dyeing is effected in presence of 
acids or acid salts, viz. sulphuric acid, sodium bisulphate—mostly 
known as tartar preparation—Glauber salt (sodium sulphate), alum, 
acetic acid, ammonium acetate, or ammonium oxalate. The object 
of these acid adjuncts is to neutralise the calcium bicarbonate in the 
dye water, liberate the dye acid, and finally to diminish the solubility 
of this latter in water, thus facilitating its absorption by the fibre 
and helping the bath to “draw.” The stronger the acid the better 
and more quickly is the dye absorbed by the wool. 

_An equally important réle is played by Glauber salt, which acts 
as a regulator to ensure uniform absorption of the dye by checking 
the rate of absorption. The selection of the adjuncts to the bath 
depends, therefore, pyimarily on the equalising properties of the dyes 
used and their tendency to draw well or badly, as the case may be. 

In addition, it has to be considered whether the dye in question 

1 For details applicable to the separate dyeS, the reader is referred to the instructions 
issued by the various makers of dye-stuffs. : 
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will stand a strongly acid bath or not; and another important 
factor influencing the selection of the adjunct is the quality of the 
goods to be dyed, closely woven goods being harder for the dye to 
penetrate uniformly than is the case with slack-twisted yarns. In 
the former case the operation must therefore be allowed to proceed 
slowly, and in a faintly: acid bath. 

Another factor regulating the absorption of dye is the tempera- 
ture, the rate increasing as the latter ascends. Therefore, since 
high acidity of the bath and high temperatures accelerate the 
absorption of the dye, whilst Glauber salt has a restraining action, it 
is necessary, in the case of dyes that do not equalise well and goods 
that are hard to dye through, to commence operations at a low 
temperature and in a faintly acid bath containing Glauber salt. 
Should the dye-stuff draw badly, the acid is added in several. 
portions during the operation, or delayed until the close ; but with 
a dye that equalises readily it is possible to start with a very— 
sometimes boiling—hot, strongly acid bath, provided, of course, that 

the dye-stuff itself will stand a very strong acid bath. In some 
difficult cases the bath is allowed to become gradually acid during 
the operation, by adding ammonium acetate or oxalate, these salts 
being slowly decomposed, with liberation of ammonia, on heating. 

The usual method of dyeing wool with acid dyes is as follows :— 
The bath is charged with 2—4 per cent. of sulphuric acid, 10 per 
cent. of Glauber salt, and the (filtered) solution of dye-stuff, the 
goods being entered at lukewarm or medium temperature and 
gradually raised to boiling, which is maintained for one hour to one 
and a quarter. This prolonged boiling is essential for securing 
the equalisation of the dye, though some dyes, such as indigo- 
carmine, dye well at somewhat lower temperatures. Only in the 
‘case of light shades is three-quarters of an hour’s boiling sufficient ; 
and here it is advisable, in the interest of better equalisation, to 

dye with less acid and more Glauber salt. 
The foregoing method is applicable to the majority of dyes, and 

an addition of 2—24 per cent. of sulphuric acid will generally be 
sufficient ; naturally this is also influenced by the hardness of the 
water. 

In the case of dyes that equalise well, ¢g. quinoline yellow, 
naphthol yellow, patent blue, cyanol, fast acid violet 10 B., 

fast green (bluish), azo-carmine, chromotrope 2 R., etc., the goods 
are entered direct into the boiling bath. On the other hand, 
with a large number of dyes inferior in this respect, such as the 
ponceaus, scarlets, fast reds, Bordeaux, etc., the goods are entered 

at medium temperature, and an increased addition of Glauber salt 
-—about 20 per cent.—is very desirable, though not absolutely 
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necessary. In such cases it is usual, in practice, to use about 

10 per cent. of Glauber salt and 10-15 per cent. of sodium 
bisulphate. With regard to the latter, which is also used alone, it 
is frequently contaminated with saltpetre, which may do harm in 
dyeing, owing to the liberation of nitric acid. Ten parts of the 
bisulphate may be replaced by 4 of sulphuric acid and 10 parts of 
Glauber salt. . 

The black acid dyes are mostly used in association with bi- 
sulphate, though a better plan is to commence dyeing with Glauber 
salt and acetic acid, a small percentage of H,SO, being afterwards 
added to help to draw the dye. 

In the most difficult cases of all, where the dyes equalise badly 
and the stuff is hard to dye through, the material is first boiled for 
some time in more or less strongly acidified water before the addi- 
tion of the dye. 

The eosines require to be dyed in a faintly acid bath, one of 
the two following methods being pursued :—(1) The bath receives an 
addition of 2-10 per cent. of acetic acid (or alum) according to 
the hardness of the water and the intensity of the dyeing; (2) the 
goods to be dyed are first boiled in a bath-containing 5 per cent. 
of alum, 5 per cent. of acetic acid, and 5 per cent. of potassium 
bitartrate, the solution of the dye-stuff being added after the bath 
has been cooled down to 50°C. The temperature is afterwards 
again raised to boiling-heat. This second method gives the more 
brilliant dyeings. In either case less boiling is required than with 
the other acid dyes, a quarter of an hour to half an hour being 
sufficient. 

For combination dyeings the selected dye-stuffs should be 
similar in their behaviour during the process, the choice therefore 
generally falling on such as equalise well and are able to stand a 
strongly acid bath. 

Shading off is effected at boiling-heat in the case of dyes that 
equalise well; in other cases the bath must first be cooled by an 
addition of cold water. | ) 

Dyeings that have come out too dark or patchy may be corrected 
by a treatment with hot soda solution. 

Finally, it may be mentioned that dyes generally equalise 
better in old bath liquors, ze such as have already been used 
several times over. The cause of this is of a twofold character ; 

in the first place, the bath contains a larger quantity of Glauber 
salt (from previous dyeings); and, secondly, the repeated boiling of 
different parcels of wool has extracted a larger amount of wool 
substance, which, like the bast of silk, helps to retard the absorption 

of the dye. 
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An older method of dyeing with acid dyes, especially scarlets, 
consisted in using a small percentage of stannous chloride and 
potassium bitartrate. The resulting dyeings are faster to milling 
than those obtained by the aid of Glauber salt and sulphuric acid. 

The alkali blues, which also belong to the acid class of dyes, 
are dyed in a special manner, owing to the fact that the correspond- 
ing dye acids are insoluble in acidified water. The goods are first 
entered in an alkaline bath (boiled for three-quarters of an hour to an 
hour) wherein the wool takes up the dye in a colourless form. Borax 
is the most suitable alkali for this purpose, 5-10 per cent. being 
used; soda, though sometimes employed, is disadvantageous for 
the fibre on account of its strong alkalinity. After this preliminary 
treatment the wool must be very thoroughly washed, and is then 
entered for about twenty minutes in a second bath, containing 5 per 
cent. of sulphuric acid. Here the colour is developed, coming out 
greener in shade, it may be stated, in proportion as the developing 
bath is cooler. If greater milling fastness is desired, the colour is 
developed with alum instead of sulphuric acid. 

These alkali blue dyeings, which unfortunately are of only 
very low fastness to alkali and light, are, however, characterised 

by good milling fastness (provided they are well washed after the 
first bath) and considerable beauty. Shading, when desired, is 
effected by means of acid dyes applied in the second (acid) bath. 
Dyeing to pattern is a more difficult operation with these dyes, 
owing to the fact that the colour is only developed in the second 
bath. . 

Application to Silk.—Here also, and for the same reasons as 
in the case of wool, the dyeing is performed in an acid bath, 
sulphuric acid being most generally used. In some cases—eosines, 
for instance—such a strong acid bath is unfavourable, and should 
be replaced by acetic acid or tartaric acid. The silk draws the 
dye even in the cold, and—just as in the case of wool—it is 
possible to accelerate or retard the absorption to suit the equalising 
powers of the dye by regulating the temperature, degree of acidity, 
and the use of more or less bast soap, which here replaces Glauber 
salt. Instead of bast soap, a 24 per cent. solution of Marseilles 
(olive oil soap) and a 0°4 per cent. solution of gelatine may be used 
—at least for dyeing on the small scale. | 

The acidified bast soap bath is prepared by boiling with the 
required quantity of acid; the silk is entered and then lifted, and 
then only is the necessary quantity of water added, along with a 
portion of the dissolved dye. In this method the fat separated 
from the bast soap remains in a state of very finely divided emulsion, 
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which is not the case when the whole of the water and acid are 
added together. According to the equalising power of the dye, the 
amount of bast soap solution taken ranges from one-third to one- 
fourth of the entire bath, one-third part of bast soap solution 
and two-thirds water being generally used for starting <A 
larger proportion of bast soap is used when uneven dyeing 
is anticipated or when the silk has acquired a dusty appearance, 
due to defective treatment in process of weighting with sodium 
silicate. 

The dissolved dye is added by degrees during the operation. 
The silk is entered at 30—40° C., well worked about whilst the 

temperature is being raised to near boiling-point, and is finished at a 
temperature of about 90° C. Actual boiling-heat should be care- 
fully avoided. In the case of the eosines brighter colours are 
obtained at temperatures somewhat lower than the foregoing. Raw 
silk must be dyed lukewarm, souple silk at a lower temperature 
than fully scoured silk. Very delicate colours, being dulled by 
sericin, must be dyed without bast soap. 

After dyeing, the silk is washed, then livened or brightened by 
treatment in a lukewarm to hot bath (more or less strongly acidified 
by the same acid’ that was used for dyeing), and is afterwards drained 
and dried without rinsing. This treatment brightens the colour 
and improves the feel of the silk, 7e. makes it more brittle and 
harder to the touch, as well as giving out a crunching sound when 
compressed. The degree of “feel” produced is varied according to 
the purpose for which the silk is intended, and is the greater in 
proportion as the bath is hotter and more strongly acid. To entirely 
remove the feel, the silk is immersed for several hours in a 

lukewarm bath containing 25-30 per cent. of fuller’s earth, 
calculated on the weight.of the silk; the same softening effect 
is also obtained by treatment with the so-called “two oils” 
(see under Oleic Acid). The goods so treated are employed for 
producing a “moiré” finish, silk with scroop being unsuitable for 
this purpose. 

Shading with another dye is sometimes practised in the 
brightening bath. In order to obtain fastness to washing, the 
dyed goods are put through a solidifying treatment (¢.2.). 

Dyeings that have come out too dark or patchy are corrected 
in a bath very rich in bast soap, which extracts part of the dye. 

As in the case of wool, the alkali blues are first applied in an 
alkaline bath, and the colour developed in an acid bath. The first 
bath is charged with 10-15 per cent. of Marseilles soap for light 

1 A few grams of acid per litre (parts per mil.), the quantity of water being thirty 
times the weight of the silk. 



APPLICATION OF THE BASIC DVE-STUFFS 143 

shades, or 20-30 per cent. for dark shades, together with the 
requisite amount of dye, the silk being entered hot and finished by 
boiling. It is next well washed—otherwise the colours will come 
out dirty—and the colour is developed in a bath containing 
sulphuric acid; stannous chloride and hydrochloric acid being 
used instead when greater fastness is desired. _ 

Application to Cotton.—The acid dyes are not well adapted 
for dyeing cotton, their affinity for cellulose being almost nil. 
Nevertheless they have been used for this purpose in the absence 
of more suitable dyes—previous to the introduction of Congo red— 
and are still, though only to a limited extent, viz. for the pro- 
duction of a vivid scarlet by means of croceines and similar 
azo dyes. The modus operandi is as follows :—The cotton is first 
steeped for some time in a fairly concentrated solution of basic 
alum, and then dyed in a lukewarm dye-bath containing a minimum 
of water; or else the dyeing is effected in a single bath containing 
an addition of alum and common salt. Brighter colours are, how- 
ever, obtained when the cotton is first treated with a cold (about 
4° B.) solution of sodium stannate, for one to one and a half hours, 

previous to the alum bath. The eosines also can be applied to 
cotton in a lukewarm bath with a large proportion of common salt. 
All these dyeings, however, are so poorly fixed that they must not 
even be rinsed afterwards. 

Some acid dyes, eg. marine blue, produced by sulphonating 
strongly basic dyes, can be applied to cotton. after the manner of 
the basic dyes, zc. subsequent to the treatment of the material with 
tannin. (See later.) 

2. Application of the Basic Dye-Stuffs. 

The basic dyes are mostly salts of colour bases with hydro- 
chloric acid or with zinc chloride. To this class belong several azo 
dyes, such as chrysoidine and Bismarck brown, also auramine, the 

rosaniline dyes, and such of the malachite green series as are not 
sulphonated, the rhodamines and pyronines, acridine dyes, methy- 
lene blue, most of the oxazines, such as new blue and Nile 

blue, the safranines, indoines, eurhodines; finally, also the 

indulines and nigrosines, in so far as they are not sulphonated 
compounds. The use of these dyes is chiefly for dyeing and 
printing cotton. 

Application to Wool.— Wool takes up the basic dyes in a very 
uniform manner, without the use of any adjuncts in the dye-bath, 
and the absorption begins at a temperature of 30—40° C. Hard 
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water should be corrected with acetic acid until the reaction is 
slightly acid, since otherwise the colour bases separate in resinous 
masses and cause streakiness, which is impossible of removal. <A 
slight addition of acid is also desirable, because the wool mostly 
retains some alkali from the washing process, and this, by forming 
the colourless colour base, would retard the absorption of the dye. 
Moreover, these dyes draw more slowly in a faintly acid bath, a 
condition recognised as favourable in dyeing operations generally. 
Too much acid hinders the absorption of the dye. The goods are 
entered lukewarm, and the operation is continued for about an hour, 
the temperature not being allowed to exceed about 80° C. Dyeings 
performed at boiling-heat are less brilliant in colour. Nevertheless, 
gentle boiling is admissible in the case of dark shades, and of a few 
dyes of this class, such as methyl-violet. Auramine must be dyed 
in a neutral bath. 

The brightest colours are obtained by adding a little Marseilles 
soap to the neutral dye-bath, and avoiding higher temperatures, 
about 50° C. being the limit. In this case, however, in order to 

avoid stains, the water must first be boiled with soap, and the 

resulting scum removed. This method is very seldom used in 
practice. 

The necessary quantity of wool is added in two or three 
portions during the operation, and not all at once. Wool 
that has been sulphured is not, as a rule, fit for dyeing with 
basic dyes. a 

As far as possible the combination of basic dyes with those of 
acid character should be avoided, since in many cases it leads to 
the formation of insoluble precipitates which may produce spotting. 
Frequently, however, basic dyes are used for topping dyeings pro- 
duced from other groups of dyes, the object of this treatment being 
to shade or enliven the colours. The operation is generally per- 
formed in a fresh bath. 

A very special process is employed for dyeing with many 
of the green dyes, such as brilliant green, methyl-green, malachite 
green, etc. The wool is entered in a boiling hot bath containing 
74 per cent. of sodium hyposulphite, 2 per cent. of sulphuric acid, 
and 5 per cent. of alum (or zine acetate), in a wooden vat, and is 
worked about in this bath for three-quarters of an hour after steam has 
been shut off; it is then drained in the hydro-extractor, rinsed, and 
dyed at about 50° C. in a bath containing about 3 per cent. of acetic 
acid, in addition to the dye. The bath liquors should be kept for 
use over again; the oftener they are used the finer the colours 
obtained. 

In the above process sulphur is precipitated on the fibre, and 
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assists in fixing the dye. These dyes can, however, be applied in a 
simpler manner by passing the wool through a hot soap bath (1—2 
per cent. of soap),and then dyeing in a fresh, lukewarm dye-bath. 
This method is seldom used, though occasionally resorted to for the 
production of a brilliant green of greater fastness than is afforded 
by the use of the various acid greens. 

Basic dyeings on wool are characterised by lustre, good 
equalisation, fastness towards alkalis, and milling fastness. They 
are, however, fugitive to light, rub off under friction, and bleed into 

any adjacent undyed portions when washed. 
Application to Silk—tThe basic dyes are rapidly taken up 

by silk, even in the cold. The process is conducted at temperatures 
up to about 50° C. in presence of acid dyes, and at higher tem- 
peratures in a bast-soap bath slightly qualified with acetic acid 
or tartaric acid, the dye being added in several portions during the 
operation. | 

These dyes play only a small part in silk-dyeing. The most 
generally used members of the group are rhodamine, methyl violet, 
malachite green, Magdala red, and fuchsine. 

Application to Cotton.—tThis is the main sphere of usefulness 
of the basic dyes. They dye cotton direct, producing very handsome, 
light shades, which, however, cannot be utilised in practice, owing 
to their fugitive character. Only in the case of several soluble 
indulines, such as indamine, methylene grey, etc., can somewhat more 

stable dyeings be produced by the aid of alum, provided a medium 
temperature be not exceeded. 

It must not, however, be forgotten that a variety of dyeings can 

be produced with basic dyes on cotton that is to be spun into half- 
wool vicuna yarns, by the aid of alum and medium temperatures. 
The fastness of the dye is improved by entering the cotton first in 
a hot soap bath, then in a cold bath of stannous chloride, and finally 
in the dye-bath. In some cases the cotton is first steeped for a 
short time in a solution of basic alum, then treated in a chalk bath, 

followed by a weak tannin bath, and finally by the dye-bath 
proper. In this manner, methylene blue, for example, will furnish 

purer blue dyeings than when fixed with tannin and antimony. 
The only rational method of dyeing cotton with basic dye- 

stuffs consists in first preparing the material with tannin or a fatty 
acid salt of alumina, and then dyeing by gradually heating the 
bath to about 60° C. during half an hour or an hour. Some dyers 
prefer to dye without heat, since brighter colours are then 
obtained; these however,. are not so well fixed as_ those 

furnished by the hot process, and consequently the method is 
only advisable for light and medium shades. In a few instances, 

10 
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eg. indoine blue and several fast blues, the dye-bath must be 
heated to boiling. 

Dyeings performed on cotton prepared with tannin are faster, 
but less handsome, than those obtained with the aid of fatty acids. 
A remarkable example of this is afforded by the rhodamines, a 
dull lilac being produced by. tannin, whereas fatty acids give a 
handsome rose-red. 

As already mentioned in the case of wool, hard water should 
be corrected before use for dyeing basic dyes; and here also 
an addition of acetic acid is essential when light shades or badly 
equalising dyes are in question. Some of the latter, eg. those used 
to imitate indigo dyeings, viz. induline, indoine blue, etc., must 
receive an addition of alum, since otherwise uniform dyeing will be 
a result difficult of attainment. 

In many instances the goods dyed with basic dyes are put 
through a supplementary treatment ; some colours, eg. fuchsine, are 
brightened by a treatment with hot alum solution; others are 
rendered faster by passing the goods through a bath of tannin. 
Finally, the fastness of the above-mentioned blue dyes is improved 
by a supplementary treatment with potassium bichromate, this 
“after-chroming” being effected by treating the goods for some 
time in a solution of the salt in question (1 per cent. for dark 
colours) at a temperature of 30—60° C. 

Thanks to their great affinity for the fibre, the basic dyes may 
also be used for shading and topping cottons that have been dyed 
with dyes belonging to other groups. | 

3. Application of the Direct or Substantive Cotton Dyes. 

To this group belong the benzidine, diamine, and Congo dyes, 
their principal employment being in the direct: dyeing of cotton. 
Their introduction produced a revolution in the cotton-dyeing 
industry, the simplicity and cheapness of the process, and the non- 
necessity for using tannin or mordants, quickly raising these dyes 
to a position of high importance. However, they are surpassed in 
brilliance j py the basic dyes and in fastness by the adjective dyes; 
moreover, they are more susceptible than the basic dyes to im- 
purities in the material and to injury during the gassing process— 
on which account they should be gassed in a plate machine and in 
a moist condition. Some of the dyes of this class, ¢.g. cloth brown, 

anthracene red, carbazol yellow, the sulphone dyes, etc., are more 

suitable for wool-dyeing than for cotton. 
The subject of these dyes has been treated in an excellent 

manner by A. Kertesz, in a book issued by L. Cassells & Co. 
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Application to Cotton.—The adjuncts used in the dye-bath 
comprise common salt, Glauber salt, soda, potash, sodium phos- 

phate, and soap. The two first named help to precipitate the dye, 
and therefore accelerate absorption, whilst the others, being alkaline, 
exert a solvent action and therefore retard the process. 

Here, therefore, just as in the case of dyeing ani mal fibres with 
acid dyes, we have the means of controlling the rate of absorption, 
in accordance with the equalising power and drawing of the dye, 
and the quality of the material to be dyed. Of the foregoing 
adjuncts, common salt, Glauber salt, and soap alone are used by 
themselves, the others being always employed in combination. 

Common salt or Glauber salt can be used singly for dyeing any 
of the members of this group of dye-stuffs, though in practice they 
are confined to the slow-drawing dyes. In most instances, and in 
all combination dyeings, an alkaline reagent retarding the absorption 
of the dye, and a precipitant, are used in conjunction. When it is 
necessary to reduce the rate of absorption, as is the case with light 
shades and stuffs that are difficult to dye through, the alkaline 
reagent alone is added at the outset, the precipitant being added at 
the end of about half an hour; were it not for this latter, too much 
of the dye would be left pend in the bath. This method is also 
recommended for dyeing mixed shades. 

Soap is preferably employed for light shades or difficult mixed 
colours, and it has also the advantage of softening the material 
in yarn-dyeing. In all other instances, soda is generally prefer- 
able to soap as the alkaline adjunct; the latter smears the dye 
vats. , 

As a general thing, the yellow dyes are applied in a neutral 
bath, the blues in a neutral or alkaline bath, and the reds in a 

strongly alkaline bath. ‘Some dyeings—mainly yellows and some 
reds—come out brighter when sodium phosphate has been added ;. 
and in many red dyeings the same effect follows the use of Turkey- 
red oil, 

The usual adjuncts are employed in the following proportions 
and with the following dye-stuffs :— 

1. Common salt or (calcined) Glauber salt. These are chiefly 
used for slow-drawing dyes and dark shades, the proportions taken 
being 10-15 per cent. for light shades, and 20-30 per cent. for 
dark shades, calculated on the weight of the cotton. In a few 
cases (Mikado dyes, Nyanza and Tabora blacks, etc.) as much as 
50—100 per cent. is taken. This adjunct is suitable for the Mikado 
and Hessian dyes, for primuline, diamine golden yellow, Titan rose- 
red, diamine green, various cotton browns, benzo grey, etc. For the 
most part, purity is not an essential feature in these salts, ordinary 
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Glauber salt and rock salt being quite suitable for the purpose, 
except in the production of delicate light colours, for which 
crystallised Glauber salt or ordinary common salt should be used. 

2. Soda and Glauber salt. For dark shades, 5 per cent. of 
soda and 15 per cent. of Glauber salt are taken, the quantities 

being halved in the case of light shades. 

This method is applicable to nearly all these dyes, especially 
for most of the diamines, Chicago and Zambesi blues, many mixed 
shades, etc. 

_ 3. Soap (2—5 per cent.) and Glauber salt (2—15 per cent.), the 
proportions varying according to the depth of the colour, are used 
for light shades, difficult mixtures, and materials that are hard to 
dye. This adjunct is specially recommended for geranine and for 
chloramine yellow. 

4, A mixture of 5 per cent. of potash and 2 per cent. of soap 
is frequently used for dark shades of the various red dyes of this 
group—Congo, benzopurpurine, etc.—as also for several blues, eg. 
benzo-black blue. The highly important benzopurpurines, however, 
give fuller shades with sodium phosphate and soap, and brighter 
colours with sodium silicate and soap. 

5. With 10 per cent. of sodium phosphate and 2 per cent. of 
soap (for dark shades) advantageous results can be secured in 
dyeing many yellow shades, such as chrysamine, chrysophenine, 
thioflavine 8., thiazol yellow, Congo and toluylene orange, as well 
as others such as benzazurine, Congo-corinth, and many mixed 

shades. : 
When a number of substantive cotton dyes are used together 

for the production of mixtures, it is advisable to select such as are 
of similar behaviour. The adjuncts used will then depend on the 
properties of the predominating components of the mixture; and in 
these cases soda and Glauber salt, or soap and sodium phosphate, 
will be used almost exclusively. 

The chief point to be considered in the selection of the 
adjuncts is the drawing property of the dye; and the influence of 
the adjunct on the shade of the colour must not be overlooked. 
Thus, for example, diamine green is dulled by alkalis, and must 
therefore be dyed in a neutral, or, at most, faintly alkaline bath. 

As regards the temperature to be maintained in dyeing with 
this group, the following observations apply :—For light shades the 
goods are entered at 30—40°C., and the hath gradually heated to 
50—60°, he dyeing process occupying about half to three-quarters 
of an hour. : 

For medium and dark shades the initial temperature is 
50-60°C., the bath being then slowly raised to boiling-point and 
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kept thereat for about an hour, For deep shades, however, it is 
generally preferable to boil for only half an hour at first, then shut 
off the steam and continue to dye in the slowly cooling bath. 

The quantity of bath water plays an important part in the 
dyeing with substantive cotton dyes. Most of them draw badly, 
and consequently it is necessary to work with a minimum of water 
when dyeing dark shades. The maximum quantity of water is 
20-25 times the weight of the cotton; for dyeing piece goods in 
the jigger (¢.v.) a 5—6-fold quantity of water will be sufficient. 

In any event, a portion of the dye will remain behind in the 
bath; consequently the baths from the dyeing of dark shades 
should be preserved. When using these over again, a corre- 
spondingly smaller quantity of dye is added, together with only 
one-third to one-half the original amount of the adjunct used. In 
using up an old bath previously employed for the production of a 
mixture, and therefore containing a number of dye-stuffs, it must 

- not be forgotten that, in consequence of the varying drawing power 
of the constituent dyes, their proportion will be different from what 
it was at the outset. Hence, in order to ascertain. what propor- 
tions of fresh dyes should be added, it will be necessary to make a 
trial dyeing with the bath as it is, the appearance of the resulting 

colour giving the requisite information. 
The bath is prepared by adding to the water an amount of 

soda proportionate to the lime content, then boiling up the water 
with the dissolved dye-stuff, and afterwards Beenie in the neces- 

sary quantity of the adjunct required. 
After dyeing, the goods are washed, except in the case of light 

shades produced in a neutral bath. This washing must be per- 
formed with particular thoroughness in the case of the blues dyed 
in strongly alkaline baths, since otherwise the colours will be too 
dull. The goods must be dried at a moderate temperature, and in 
a plentiful supply of air; otherwise (especially in the case of benz- 
azurine, congocorinth, etc.) irregularities may appear. 

Reds are frequently livened up by means of Turkey-red oil, 
the goods being passed through an emulsion of the oil, and after- 

wards centrifugalised and dried. 

Dyes diazotised and developed on the Fibre; so-called 
Ingrain Dyes.—The cotton is first dyed with a substantive 
dye containing a free amido group, capable of diazotisation, the 
absorbed dye being then diazotised by treatment in a bath con- 
taining sodium nitrite, and finally treated in-a developing bath, a 
phenol, or an amine, to convert the dye into a cmpes -aZO 
compound. : | 
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This method was first applied to primuline, and subsequently 
extended to diamine black, diazo black, etc., and at the present 

time plays a very important practical role. 
The dyeings produced in this manner are deeper and faster 

to washing, many of them also faster to light, than those produced 
in the first bath without any further treatment. In addition, the 
diazotisation and development of the colour are accompanied by 
an entire modification of tone,—primuline, for instance, when dyed 

direct with common salt, giving a yellow, which, though pure, is 
too unstable to be of any practical value; whereas when diazotised 
and developed with §-napthol, it furnishes a red; with ethyl-@- 

naphthylamine (Bordeaux developer), a Bordeaux: both distinguished 
for washing fastness, and far superior to primuline yellow in point 
of fastness to light. The different diamine blacks furnish a grey 

_ and a blue, which are also used per se. To produce darker shades 
of greater washing fastness, the dyes are mostly diazotised—with 
phenylenediamine, or toluylenediamine, for black ; with @-naphthol 
for dark blue, and with naphthylamine ether for lighter and more 
brilliant blue. Diazo brilliant black gives a Bordeaux shade, which 
is converted, by diazotisation, into greyish blue, with #-naphthol, 

and into brown with phenylenediamine. . 
A modification of this method consists in developing the dia- 

zotised dye with soda, thus producing, not a complex diazo dye, 
but probably merely replacing the diazotised amido group by 
hydroxyl. This method chiefly serves for the production of bright 
browns with the assistance of diamine-catechu, diazo brilliant 

black, etc., these dyeings being intended to replace catechu. 
The processes of diazotisation and development on the fibre are 

therefore mainly employed for the production of dark blues, browns, 
and blacks, also for red and Bordeaux (with primuline). 

The modus operandi is as follows :—The cotton is first dyed with 
the requisite dye-stuff, then well washed and drained, and afterwards 
entered in the diazotising bath. This contains 24 per cent. of 
sodium nitrite and 74 per cent. of 20° B. hydrochloric acid, for 
dark shades, or 14 per cent. of sodium nitrite and 5 per cent. of 
20° B. HCl for light shades, and is prepared by stirring the dissolved 
nitrite, and afterwards the (diluted) hydrochloric acid, slowly into a 
sufficient quantity of water—which depends on the weight of cotton 
to be treated—in a wooden vat. In this bath the cotton is treated 
for a short time, eg. five minutes for primuline, or fifteen minutes for 
diamine black,’ after which it is rinsed in acidified water (1 vol. 
of hydrochloric acid per 500 vols. of water) and immediately 

1 Only in exceptional cases is the diazotising process incomplete at the end of this 
time, e.g. diazo blue (By.), which takes about three-quarters of an hour. 
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entered in the developing bath. After the diazotising bath the dye 
is contained in the fibre in the state of a readily decomposible diazo 
compound, and consequently the cotton must not be left to stand in 
this condition. 

The developing bath contains a solution of some suitable 
developer, the most important of which have already been men- 
tioned above. The bath must be cold, and the cotton treated 

therein (a few minutes to a quarter of an hour) until the colour 
ceases to become darker. Finally, the goods are washed, though in 
some cases a good soaping is needed to fully develop the colour. 

Both. the diazotising and developing baths must be brought up 
to the original strength before being used over again. 

When soda is used as the developer, the goods are diazotised as 
usual, and then entered, without being washed, in a warm bath 

(40-50° C.) containing three parts, by weight, of calcined soda per 
thousand, where they are worked for a quarter of an hour, after 
which they are soaped or washed. 

The process of diazotising and developing on the fibre is also 
adopted in the production of mixed colours, either by the combina- 
tion of two or more diazotisable dyes, or by the combination of 
diazotisable dyes with other kinds of dyes that are not affected by 
the diazotising process; or, finally, by mixing different developers. 

Topping Developed and Undeveloped Dyes with Basic 
Dyes.—tThe colours furnished by the substantive cotton dyes are 
inferior in beauty to those obtainable with basic dyes; neither are 
they so easy to dye exactly to pattern. For this reason they are 
frequently topped with basic dyes in small proportion, by treating 
the dyed and washed goods in a bath containing 1—2 per cent. of 
alum or acetic acid, together with the necessary amount of dye, at 
the ordinary temperature. The statement, often found in the litera- 
ture of the subject, to the effect that the fixation of the basic dyes 
is a special faculty of the substantive cotton dyes, is erroneous, 

since all dyeings on cotton—indigo blue, alizarine colours, man- 
ganese bistre, etc.—possess the property of absorbing basic dyes or 
their colour bases. 

Fixing Substantive Cotton Dyes by Subsequent Treatment 
with Metallic Salts——In many instances the fastness to washing 
or light (or both) of substantive cotton dyes may be improved by 
immersing the dyed goods in hot solutions of metallic salts. 
Unfortunately, however, this treatment is accompanied by a change 
of shade, which renders the process unsuitable for general employ- 
ment. It is advantageously used for blues intended to replace 
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indigo, among which special mention may be made of Cassella’s 
diamine blue RW, which when “ coppered” (treated with copper 
sulphate) approximates very closely to indigo blue. 

The method itself was first applied to Bayer & Co.’s benzazurine, 
_which gives greenish shades very fast to light. 

The salts employed in this treatment are—copper sulphate, 
chromium fluoride, and potassium bichromate, the first named in 
particular, the mode of application being as follows:—The dyed 
cotton is worked about for a quarter to half an hour in a bath con- 
taining 3—5 per cent. of copper sulphate (according to the depth of 
the colour) and kept at a temperature of about 80° C. When 
piece goods are in question, the bath contains 14-3 parts of 
copper sulphate per 1000. 

Application to Wool.—Of late this application of the sub- 
stantive dyes has begun to receive the attention it deserves. 

Mention should first be made of those dyes which, although 
belonging to the cotton dyes, are yet more suitable for dyeing wool ; 
these include sulphonazurine, brilliant sulphonazurine, sulphone- 

cyanine, fast diamine red, anthracene red, carbazol yellow, cloth 

brown, etc. They may all be dyed with 10 per cent. of Glauber 
salt—the acid-resisting fast diamine red also with bisulphate 
—and, except the two first named, all may be fixed with chrome 
mordants, thus yielding faster colours. This is done either by 
mordanting in advance, or, in the case of the reds, by after 
treatment with chromium fluoride. (See Mordant Dyes.) 

The sulphone dyes (Bayer) must not be dyed at boiling-heat, 
neither is the customary addition of Glauber salt suitable in this 
case. According to the instructions given by the Elberfeld Farben- 
fabriken, these dyes must be used with an addition of ammonium 
acetate, though inequalities readily occur when this salt is used. 
In such event the following procedure should be adopted :—The 
goods are entered for some little time—about a quarter of an hour— 
in the dye-bath containing a small percentage (5 per cent. for light 
shades) of soap, after which about 2 per cent. of acetic acid is 
added by degrees, to facilitate the absorption of the dye, and boiling 
is then practised for twenty to thirty minutes. In this manner 

-and by combining sulphonecyanine, sulphone brown, and chryso- 
phenine, for example, perfectly uniform drab shades can be readily 
obtained, which are far superior in point of fastness to the corre- 

sponding colours furnished by acid dyes. 
As regards the true cotton dyes, some of these exhibit, in wool- 

dyeing, properties which seem to render them more suitable, for 
many purposes, than the acid dyes. They are dyed at boiling-heat, 
with an addition of 10-20 per cent. of Glauber salt—according to the 
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depth of shade required,—and, should more complete extraction be 
desired, 2—3 per. cent. of acetic acid can be added as well. . More- 
over, in contrast to the case of cotton, these dyes draw very well 

for the most part when applied to wool. For some of them—the 
reds mainly—better results are obtained with acetic acid, whilst 

bisulphate is preferable for others, such as diamine scarlet, diamine 
blue, etc. The most suitable adjunct, however, for many of these 
dyes is 10 per cent. of common salt and $ per cent. of potash— 
soda is altogether unsuitable here ,—better eviactian being obtained 

by this means. | : 
As in the case of cotton, these dyes can be Sa : through’ an after 

treatment with metallic salts. 
The red and yellow substantive dyes are the best adapted. for 

wool, the browns and violets least of all. Their superiority over 

the acid dyes is expressed in their greater power of withstanding 
milling and sulphuring. Thus, for instance, none of the many 
ponceau reds is suitable for dyeing loose wool and yarns for pro- 
ducing parti-coloured fabrics, which will have to be milled or require 
sulphuring in the piece, in order to clean any white that may be 
present. More on this point will be given in Section IV. 

Finally, it may be remarked that the substantive dyes also play 
an important part in the dyeing of half-wool fabrics (¢.v.). 

The Application of the Substantive Dyes to Silk is exceed- 
ingly restricted, only a few—chrysamine, chrysophenine, Mikado 
yellow, etc.—being used, and that by reason of their fastness. The 

dye-bath for these is a bast soap bath qualified by the addition of 
acetic acid, and the brightening process is carried on in the usual 
manner. The dyes may be diazotised as in the case of cotton, and 
developed or treated with metallic salts. The substantive dyes are 
also of considerable importance in the dyeing of half-silk goods. 

Supplementary Remarks.—In addition to the substantive 
dyes and several basic dyes, there are also a few others possessing 
the property of dyeing cotton direct. These are—rhodamine §S, 
cachou de Laval, canarine, a few natural dye-stuffs like curcuma, 
safflower, and Orleans, though none but the two first are now in use 

for this purpose. 
Rhodamine S is dyed at about 40° C. in presence of a small 

percentage of acetic acid, and furnishes a handsome rose-red. 
Cachou de Laval is dyed for about half an hour at first, without 

any adjuncts, after which time 6 per cent. of soda is added— 
to soft water, or correspondingly more to hard water—and the 
operation continued for half an hour longer at about 70° C. By 
reason of their cheapness and fastness these dyes are still frequently 
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used for bottoming dark colours; they may be shaded by a treat- 
ment with metallic salts, iron, chromium, or copper. 

4, Application of the Mordant Dyes. | 

To this class belong a large number of very differently con- 
stituted dyes, all of which possess an acid character, and are 
indebted to the presence of hydroxyl or carboxyl groups for their 
capacity of forming lakes with mordants. 

Their pigmentary character differs considerably in degree. 
Some of them, formerly entitled “adjective dyes” are such weak 
pigments that they are incapable of furnishing utilisable colours 
when used alone, and require to be combined with mordants, with 
which substances they produce strongly coloured insoluble com- 
pounds known as “lakes.” To these belong alizarine and the 
dye-woods. Others, again, are themselves highly coloured, not- 
withstanding which they cannot be used for dyeing unless in 
conjunction with mordants; this section includes galleine and 
many alizarine dyes. Finally, there are a number of acid dyes 
and substantive dyes than can either be used alone or fixed on 
the fibre by means of mordants, this sub-group comprising 
anthracene yellow, carbazol yellow, fast diamine red, brilliant 

alizarinecyanine 3 G, chromotrope, etc. 
It is, however, impossible to draw any strict line of demarcation 

between these dyes, their divergences being gradual and not funda- 
mental. Only in the case of the first-named adjective dyes is it 
perhaps feasible to constitute a separate group; and even here 
there are individual dyes, e.g. santal wood, that possess intermediate 
properties. 

One characteristic possessed by all these dyes in common is 
that of fastness to milling. | 

In dyeing with mordant dyes, the nature of the bath water 
plays an important part, and therefore the water used must have 
been corrected with acetic acid, otherwise a partial precipitation 
of the colour, in the form of lime and magnesia lakes, may occur. 

In some cases organic impurities have an unfavourable effect, eg. 

in presence of cochineal or alizarine blue. 
Application to Wool.—This is the most important use of 

mordant dyes, and, in fact, most of them are suitable for this 

purpose alone. 
The methods of fixing that may be employed in this case are 

varied, and for convenience of treatment will be described in 

groups. 
1. Dyeing previously mordanted Wool—tThis is an import- 
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ant process in wool-dyeing, and is applicable to all the mordant 
dyes. The temperature, duration of boiling, and the addition of 
acetic acid to the bath, all depend on the nature of the dye; 
and, from this point of view, the mordant dyes may be divided 
into three classes :— 

(a) Alizarine Dyes.—These require the greatest care in dyeing, 
and are, for the most part, very susceptible to the influence of 
impurities in the goods to be dyed. The modus operandi is as 
follows :—The mordanted wool is first treated for a quarter of an 
hour in a cold bath of dye; the temperature is then gradually 
raised to boiling, in about an hour, and maintained in this con- 

dition for one and a half to two and a half hours, the goods being 
well worked. Should the initial temperature be unduly high, or 
the heating proceed too rapidly, unequal dyeing may easily result. 
Only in the case of loose wool is less care necessary, the initial 
temperature in that case being up to 40°C. The prolonged boiling 
is necessary to ensure the proper fixing of the dye. 

A neutral bath is the most favourable for some of the alizarine 
dyes: alizarine red, alizarine orange, anthracene brown, and galleine, 

that come on the market in paste form. In other instances, 
especially for the powdered alizarine red, alizarine brown, and 
galleine, which are sodium salts of dye-stuff sulpho-acids, the 
liberation of the dye acid entails the addition of an excess of acetic 
acid (750 cc. of 8° B. acetic acid per kilo—0:082 gal. per lb.—of 
dye, when the water has been previously corrected). The different 
marks of alizarine blue, cceruleine, alizarine yellow, etc., require in 

addition about 2 per cent. of 8° B. acetic acid to facilitate 
extraction, this addition being made by degrees at intervals during 
the process. 

In mixed shades of different alizarine dyes it will always be 
possible, by exercising a little care, to work in a weak acetic acid 
bath, the acid being added gradually and not until the bulk of the | 
dye has been absorbed. 

Delicate light colours and materials that are difficult to dye 
through, such as felt hat bodies, are preferably dyed in a slightly 
ammoniacal bath at the start; and after boiling has proceeded for 
some time, the acetic acid is added until the reaction becomes 

slightly acid. | 
To shade dyeings made with alizarine dyes, the bath is 

neutralised with ammonia, the shading dye is added, and after a 
short time the acetic acid is run in by degrees. 

(6) Dye-Woods.—— These are easier to manipulate than the 
alizarines. 

The mordanted wool may be entered at 50°-60° C, and the 
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period of boiling may be shorter, an hour and a half being 
sufficient for dark colours. A neutral bath is employed. 

(c) All other mordant dyes can be dyed by entering the 
mordanted wool at 40° C., gradually raising the temperature to 
100°. and boiling for an hour to an hour and a quarter—longer 
boiling being only required in the case of chrome blue and chrome 
violet, for example, in order to complete the formation of the lake. 
They are all applied in a weak acetic-acid bath, the amount of 
acid (1 to 1} per cent. of 8° B. acetic acid) depending on how the 
dye draws. In some instances, ¢.g. cloth red, or goods that are 
difficult to dye, a little sodium acetate is added at first, followed by 
acetic acid. 

Dyeings that have a tendency to dust off, eg. logwood black, 
are often returned to the mordanting bath for a short time, after 
dyeing, to improve the fixation of the dye. This treatment 
occasionally induces a slight modification of the shade, alizarine 
cyanine, for instance, becoming a little bluer and darker. 
2. Dyeing in a Single Bath.—This method has the advantage 

over the previous one of being quicker, simpler, and therefore 
cheaper, since the mordanting and dyeing are here combined into 
one operation. Herein, however, resides the drawback of the 

process, inasmuch as the formation of the lake in the bath results 
in a loss of both mordant and dye, and in most cases the dyeings 
are not so full or so well fixed as in the first method. There are 
three variants of this process :— 

(a) Dycing in a Single Bath containing both the Dye and the 
Metallic Salts used as Mordants.—In this case, therefore, the forma- 

tion of the lake proceeds in the bath itself, and for this reason an 
acid substance (oxalic acid or potassium bitartrate) must be added, 
in order that the colour lake may be presented in a soluble form to 
the fibre. At the same time it is thus evident that this method, 

which gives the brightest of all the mordanted dyeings, can only be 
employed when the colour lake is correspondingly soluble. Its 
chief uses are in the production of cochineal scarlet, dyeing with 
yellow dye-woods (especially quercitron), and in a few logwood — 
dyeings which will be dealt with more fully later on. 

Latterly, also, this method has been applied to dyeing light 
shades with alizarine dye-stuffs. The dye-bath is charged with 
3 per cent. of alum, or an equal quantity of chrome alum, 2 per 
cent. of oxalic acid, and the requisite quantity of dye, the wetted 
goods being entered at 30° C.; the temperature is then gradually 
raised to 100° C., and is maintained thereat for an hour. Similar 

alizarine single-bath dyeings can be performed with the assistance 
of tin or iron mordants, some alizarines even giving dark shades 
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on materials that equalise well, eg, a dark ved, with alizarine §, 
alum, and Glauber salt, The only single-bath alizarine dyeings 
of any practical importance, however, are those produced by the 
aid of chromium fluoride, The bath is charged with the dye and 
& per cent, of chromium fluoride, the damped goods are entered cold, 
then slowly raised to boiling and maintained there for an hour 
oran hour anda half, A number of pale blue, grey, and drab shades are 
produced on worsteds by this means, with or without vat bottoming, 

(b) The Deepening Method,——This is used in the production of 
a number of drabs and blues by the aid of fustie, santal, madder, 
logwood, and sumach, The red dye used in the ease of light 
shades is madder, the more powerful pigment, santal-wood, being 
employed for dark shades, 

Used alone, without mordants, the above dye-stuffs furnish only 
light shades; light drab, for example, being obtained by the help 
of fustic, madder, sumach, and potassium bitartrate, The addition 
of logwood furnishes greyer tints, 

In most cases, however, these dyeings must be darkened by 
the aid of mordants, ‘Thus, for example, the goods are first dyed 

' with fustic, madder, sumach, and logwood; the dye-bath is then 
cooled down by an addition of cold water, a little ferrous sulphate 
is added, and the whole is boiled up again for an hour, 

Dark browns are produced by this method in the following 
manner ;—The goods are first boiled for about an hour in a bath 
containing fustic, santal, logwood, and sumach; then cooled as 

above, treated with copper sulphate, boiled for another hour,—and 
when required to be still darker, cooled again as before, treated 
with ferrous sulphate, and boiled one hour longer. 

It is impossible to give further details, the procedure depending 
entirely on the shade and depth of colour, Wor dark browns in 
general, 3 per cent, of copper sulphate and 1—10 per cent, of ferrous 
sulphate are employed; occasionally, for light shades, only a few 
hundredths to tenths of | per cent, of ferrous sulphate are taken, 
the copper sulphate being omitted altogether, Ivon gives darker, 
copper brighter, shades, 

(¢) After-Chroming ; Developing with Mordants— Many acid 
dyes and substantive dyes, sueh as chromotrope, Victoria violet 
4 BS and 8 BS, patent blue, cloth red, milling blue (Kalle & Co,), 
flavazol (Berliner Actiengesellschaft), anthracene yellow, anthracite 
black, fast diamine red, anthracene red, ete,, can be improved in 
point of fastness to milling by a hot after-treatment with mordants, 
This treatment has been styled “after-chroming,” because only 
chrome mordants, Ze, chromium fluoride or potassium biehromate, 
are used, 
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It has been discovered (at the Hoechst Farbwerke) that acid 
alizarine dyes also can be applied by this method, both with alum 
as well as with the aforesaid chrome mordants. | 

In the case of acid dyes the advantages of this method are, 
that the fastness of the dyes, particularly with regard to milling, 
is greatly improved, better equalisation and more thorough per- 
meation of the material being also ensured. 

The after-treatment with chrome mordants renders the colours 
somewhat darker, but otherwise their appearance undergoes little 
alteration as a rule. In the case of Victoria violet, purer blues 
are obtained; but with the chromotropes, to which this method 
was first applied, a complete change of colour ensues, the red 
shades produced in an acid bath being converted by this treatment 
into dark blue to black. 

The chemical reaction proceeding in the after-chroming treat- 
ment consists chiefly in the formation of a chrome lake of the 
corresponding dye; in a few instances, especially with several 
chromotropes (F.B., 8.), chrome brown and chromogene I. (M.L.Br.) 
the reaction is one of oxidation, and consequently potassium 
bichromate is the only means that can be employed for after- 
chroming these dyes; in other instances the operation is_per- 
formed partly with chromium fluoride and partly with bichromate. 
Some dyes, like the aforesaid Victoria violet, are decomposed by 
bichromate, and must therefore be treated with chromium fluoride. 

For all others, preference is given to whichever of these two 
chrome mordants furnishes the best results, chromium fluoride 
being most frequently selected, since it also renders the wool less 
harsh than the bichromate. 

For the acid dyes the following method is employed :—The 
goods are dyed first in an acid bath as usual, after which chromium 
fluoride is added—in the proportion of 3—4 per cent. for dark shades, 
or less for light shades—and the bath is boiled for half an hour 
to an hour longer. When bichromate is used the bath must be first 
cooled down by adding cold water, and in this case also an addition 
of a little oxalic acid towards the end of the operation is usually 

beneficial. 7 
Shading can be effected in the same bath, either before or 

after chroming, dyes of good equalising power being preferably 
used. When bichromate has been employed, the shading dyes 
selected must be such as are able to resist the action of this 

reagent, ¢g. patent blue, many acid violets, azoflavine, orange IV, 
fast acid violet A2R, etc. Darkening with dye-woods, e.g. logwood, 
must be performed in a separate bath. 

For the acid alizarine dyes and several other mordant dyes, 
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the after-chroming treatment has the additional advantage that 
difficult materials are more thoroughly penetrated by the dye, 
and better equalisation is secured. 

The goods are first dyed in an acid bath, to which the chrome 
mordant is then added. Here the actual colour is developed by 
the addition of the mordant, on which account the method has 

been termed “developing with mordants.” The bath is charged 
with 4—6 per cent. of sulphuric acid—it should be noted that 
many alizarine dyes draw badly when much sulphuric acid is 
used,—10-—50 per cent. of Glauber salt, and the requisite quantity 
of dye. As can be seen, the proportion of Glauber salt fluctuates 
only within remarkably narrow limits, the amount depending 
entirely on the material to be dyed, and being larger in proportion 
as the material is more difficult to dye through and uniformly. 

For easily penetrable yarns 10 per cent. is taken ; for heavy close 
goods, 20 per cent. and over. Nevertheless, the above limit of 50 
per cent. is rarely exceeded in practice. The previously damped 
goods are entered at 50°C., or even hotter in the case of easily 
dyed goods, and boiled for an hour and a half, then cooled down 

to 50—60° C. by cold water, and, after the addition of the chromium 
fluoride or bichromate, boiled again for an hour to an hour and a half. 
The quantity of chromium fluoride taken varies from 2 to 6 per 
cent., and depends on the dye-stuff used; in most instances 3 to 4 
per cent. will be sufficient. Bichromate is used in the proportion 
of 1 to 3 per cent. | 

Though alum and other mordants can be used for developing, 
only the above-mentioned chrome mordants are used in practice. 
With regard to the choice between the two, the observations already 
made in dealing with the after-chroming of acid dyes also apply here. 

Finally, it should be mentioned that, according to the recipes 
of the manufacturers of dye-stuffs, these dyeings can also be 
performed in two baths. The goods are dyed in the first acid 
bath as already described, and, after development, are finished in a 

second bath by boiling with bichromate (about 1 per cent.) and 
sulphuric acid, or with chromium fluoride alone, or this latter in 
conjunction with about 1 per cent. of oxalic acid. This method 
has the advantage over the single-bath process that the two baths 
can be used over again. 

Other mordant dyes for which the method of developing with 
-mordants is of practical importance are—alizarine black, WR 
(B. A. S. F.) and diamine black (F. Bayer & Co.). For the first of 
these the method has the advantage of cheapness, whilst by this 
means the usual difficulty encountered with regard to the equalising 
of diamine black on mordanted wool is entirely obviated. 
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Both are dyed in a bath containing acetic acid—first with 
ammonium acetate and then with acetic acid, in the case of piece 
goods difficult to dye through, and afterwards developed in the 
same bath with 1 to 14 per cent. of bichromate. 

In the case of diamine black, when the goods are not difficult 
to dye through, Glauber salt is added, together with a little 
sulphuric acid to ensure more complete extraction; after adding 
the bichromate the goods are boiled for three-quarters of an hour, 
or an hour in the case of alizarine black. 

Special interest attaches to dyeing with cochineal and a few of 
the logwood dyeings, which will therefore now be dealt with in 

detail. 

Dyeing with Cochineal. 

Cochineal furnishes a red with tin mordants, and an amethyst 
(bluish red) with aluminium mordants. The first of these, cochineal 
scarlet, is one of the oldest, handsomest, and best colours known, 

and formerly played a very important part in wool-dyeing. Even 
at the present time the cochineal scarlet shade is highly esteemed, 
though nowadays it is produced by the aid of various ponceau reds. 
Nevertheless, when a fast scarlet is required, as is most frequently 
the case with smooth cloths, it must still be produced by means of 
cochineal. Frequently the colour is bottomed with cochineal and 
topped with ponceau, a dyeing of this kind being termed “ semi-fast 
scarlet,’ whilst the cheaper colour cbtained with ponceau alone is 
called “fugitive scarlet,’ though the actual difference in fastness 
between the cochineal and ponceau scarlets is confined to their 
behaviour during washing and milling, the latter bleeding whereas 
the former are fast. Cochineal scarlet, however, will not stand 

treatment with soap or alkalis without undergoing a change of 
shade and turning a bluish tinge, whilst ponceau scarlet remains 
free from appreciable alteration. In point of fastness to light the 
best ponceaus are little inferior to cochineal. 

There are two ways of testing the fastness of scarlet—by 
sulphuric acid and by stannous chloride solution. When touched 
with the former reagent, a cochineal dyeing gives a pure yellow 
stain, but in the case of ponceaus the colour is more or less 
brownish. When treated with a solution of stannous chloride of 
a certain strength—which can be determined by a few tests with 
the two colours—and heated, the ponceau dyeings are bleached 
entirely, whilst the cochineal dyeings are less affected. Semi-fast 
scarlet can also be easily detected by this means. } 

For the most part, cochineal scarlet is produced with cochineal 
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and lac dye, the resulting colour being somewhat less sensitive 
to the action of alkalis. In point of fastness to light these two 
dyes are about on a par; the handsomest shade, however, is that 
obtained from cochineal alone. 

Cochineal requires no preliminary treatment to fit it for use, 
whereas lac dye must first be mixed into a paste with water, left 
to stand for several weeks, incorporated with a solution of stannous 
chloride, and again left for some time, since fresh lac dye will 
not give a handsome colour, the beauty of the dyeing increasing 
with the duration of the preparatory treatment. The method of 
dyeing is the same whether the cochineal is used alone or in 
conjunction with lac dye; consequently, for the sake of brevity, 
cochineal alone will be mentioned in describing the process. 

Before entering on this description it should be stated that 
cochineal scarlet may be of various shades—full or thin, and more 
or less tinged with blue or yellow, as desired. It may be produced 
by mordanting and subsequent dyeing, or in a single bath. The 
latter method gives a more handsome red, of yellowish cast, whilst 
the other method furnishes more intense bluish red, and the 

material is dyed through better. Occasionally the two processes are 
combined, either by adding part of the dye to the mordant bath, or 
vice verst. 

The mordants used are stannous chloride (“tin salt”) with 
oxahe acid, or “acid for scarlet” with potassium bitartrate. By 
taking a small quantity of tin salt, a dull red, of bluish cast, is 
obtained, whilst an excess of tin salt or bitartrate gives a yellower 
scarlet, the latter salt furnishing a handsomer shade than is 
obtainable with oxalic acid. Scarlet produced with tin salt and 
oxalic acid is less sensitive to alkalis than that furnished by the 
other mordant mixture, though, on the other hand, the latter colour 

undergoes less alteration when heated. 
In any case, pure soft water must be used for dyeing scarlet, 

and the operation must not be too protracted, the colour being 
rendered muddy by prolonged boiling. It is impossible to obtain 
a pure scarlet in a copper pan, and tin vessels must therefore 
be used. Strangely enough, the colour obtained by dyeing in 
wooden vessels, where there is no metal to cause muddiness, is 

less handsome than that produced in tin vessels. 
The dye should, as far as possible, lie on the surface of the 

cloth, since under these circumstances the underlying white throws 
up the colour more brightly. The white section of the dyed goods 
is a characteristic indication of fast scarlet, the goods being always 
dyed further through when ponceau has been used. 

The best method of procedure to adopt for obtaining a hand- 
11 
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some scarlet is as follows:—-The bath is prepared in a tin vessel, - 
and contains only a part of the necessary cochineal and acid for 
scarlet, together with (purified, semi-crystal) bitartrate.. The goods 
are entered very hot, so as to deposit as much as possible of the 
scarlet on the surface, the temperature being then raised to boiling, 
and the rest of the scarlet acid and cochineal added after awhile. 
The whole operation should not take longer than an hour and a 
quarter. About 15 per cent. of cochineal is required; but the 
amount of the mordant cannot be definitely given, owing to its 
very variable concentration. 

In the second method, 3 per cent. of tin salt and an equal 
quantity of oxalic acid are used. 

After dyeing, the goods are rinsed with water, slightly acidified 
with sulphuric acid to prevent the scarlet being tinged blue by 
the action of the bicarbonate in the water. ‘The baths are not 
fully exhausted, and can be used over again with advantage. 

By topping the scarlet with rhodamine a very vivid appearance 
is imparted to the colour. For producing a yellow tinge flavine 
is generally used, this being added to the cochineal in the dye-bath. 
Buckthorn berries, and occasionally fustet wood, are also taken for 
this purpose. 

Scarlet occasionally exhibits a number of small black specks, 
so-called “tin stains” (tin sulphide ?), in which event the goods 
must be steeped in a solution of oxalic acid. 

Finally, it may be mentioned that very pale scarlets are also 
produced for pink shades. 

To obtain amethyst shades with cochineal, alum is used, with 
or without tin mordant. In this case the single bath method is 
inapplicable on account of the considerable precipitate that would 
form in the bath owing to the low solubility of the alumina lake. 
Moreover, lac dye is unsuitable, this dye giving ugly brown shades 
with alumina mordants. The goods are mordanted with alum, 

bitartrate, and scarlet acid, and dyed in a fresh bath containing 
a little bitartrate and scarlet acid in addition to the cochineal. 
It is advisable to add a portion (about 1 per cent.) of the dye 
to the mordanting bath in order to ensure the goods being dyed 
through better. 

Cochineal dyeings are often darkened by topping with > 
archil ; madder or alizarine being also employed for brownish red 
tones. | 

Occasionally the so-called “scouring” process is employed for 
blueing cochineal dyeings, the dyed goods being treated in a luke- 
warm bath to which ammonia is added by degrees. The operation 
must proceed slowly, and the goods must always be somewhat 
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“ over-scoured,” since the colour goes back a little, ze. loses some 

of the blue tinge, in drying. 

Black and Blue Dyeings with Logwood on Wool. 

Logwood is used in the form of chips or as an extract, and 
occasionally is subjected to a process of oxidation termed “ fermenta- 
tion,” the object of which is to convert the hematoxylin present 
in the wood into the true pigment hematein. 

According to Von Cochenhausen, the different constitution of 
the chips and extract (which merely contain hematoxylin) from 
that of the fermented product should lead to a modification in 
their method of employment, which, however, is disregarded in 

practice. This observer’s view is that, in the case of the unfer- 
mented wood or extract, the hematein is only produced during 
the operation, either as a result of prolonged boiling or of the 
oxidising action of the mordant on the hematoxylin; consequently 
these materials should preferably be used, in conjunction with 
iron and copper mordants, for dyeing wool that has been mordanted 
with potassium bichromate and sulphuric acid. If, however, the 

available mordants have no oxidising action, eg. alumina mordants, 
or potassium bichromate in presence of an organic acid, then better 
results will be obtained with fermented logwood. Finally, he 
considers that the fermented product should never be used after 
the said oxidising mordants, since in such event the destruction 
of the hematein, which is readily oxidised to brown substances, is 
to be feared. 

The fermentation is performed in a primitive manner, usually 
in the dyeworks, by spreading the logwood chips in irregular heaps, 
which are then moistened with water, or weak solutions of alkali, 

and turned over at intervals. 

A more rational method of procedure is as follows :—The chips 
are laid in heaps, about eighty inches in depth, on a well-ventilated 
upper floor, where they are slightly moistened and left for several 
days or weeks, according to the time of year. The completion 
of the process may be recognised from the appearance of the wood, 
which, when properly fermented, is of a dark red-brown colour and 
exhibits in places (if sufficiently rich in pigment) a greenish in- 
erustation of hematein crystals, with metallic lustre. The wood 
is then spread out in thinner layers and dried at about 50° C. in 
order to prevent further oxidation, which might prove injurious to 

the heematein. 
Logwood extract is prepared in various ways, which may be 

divided into two chief classes——with and without pressure; the 
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former furnishing a larger yield, whilst the latter gives the better 
quality product. The yield stands in direct relation to the degree 
of pressure and temperature employed for the extraction. 

In extracting under ordinary pressure, which method is adopted 
in some works, the comminuted and unfermented wood is placed 
in a diffusion apparatus of the type used in sugar-refining, and is 
extracted with warm soft water, the sole pressure applied being 
that of a column of water about 10 feet high. If the product 
be intended for the calico-printer, the extraction is carried on at 
60° C., but if for dyeing, the temperature is increased to 80°. The 
operation will be finished in about five to six hours, and the residue 
is used as fuel. Extraction at 80° C. should give a yield of at 
least 25 per cent.; at lower temperatures it is naturally smaller, 
but of better quality. If the American method be employed— 
extracting in closed vessels—the pressure should never be less 
than two atmospheres, and the quality suffers in proportion as the 
yield exceeds 30 per cent. 

The solution obtained by one or other of the above methods 
is clarified by settling, and then concentrated to 30° B. in vacuo. 
The extract for printer’s use, which must be entirely free from 
solid matters, is filtered before concentration, and the latter process 

is frequently stopped when the density measures 20° B. Solid 
extract is also made, but is less suitable for use—especially in 
printing—since in the preparation no trouble is taken to remove 
impurities, without which latter, indeed, the production of a solid 

extract by evaporation is impossible. In point of dyeing power, 
6 parts of solid extract correspond to about 10 parts of a 30° B. 
liquid extract. | 

As regards the quality of the wood to be used, little can be 
said on this point generally, cheap logwoods being occasionally 
better adapted for the production of extract than dearer sorts. 
Extensive use has latterly been made of roots, chiefly from Jamaica, 
in the production of extract. The very fine extract sold under the 
name “hematein” is prepared from Laguna logwood. 

The literature on the preparation of logwood extracts is com- 
paratively large, but contains so many unreliable and contradictory 
reports that it will be left out of consideration here. There are 
also a large number of patents dealing with improved methods of 
manufacture and purification. Thus, to give an instance, Foelsing’s 
patent proposes to extract fermented logwood and pass an electric 
current through the resulting solution kept under pressure, the 
object of this. treatment being to de-resinify the extract. With 
regard to the technical value of this and similar processes no 
information is available. 
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Logwood is also extracted by two methods—with and without 
pressure—in dyeworks. In the latter case the chips are put into 
bags and boiled in water for two hours in a wooden vat. In the 
pressure method the chips are put into a small upright boiler and 
boiled twice—a quarter of an hour each time—-with water, under a 
pressure of at least two atmospheres. A frequent source of error 
in this method is to work with too large a quantity of chips at a 
time; properly the boiler should be only about two-thirds full. 

The black dyeing of wool with logwood is an art of great 
antiquity, there having been a guild of black dyers as long ago as 
the eleventh century. Formerly a fast black was produced on a 
vat bottoming, but at present, from motives of economy, this method 
has almost entirely disappeared, leaving the field to the three 
following processes :— 

1. Iron black, or Salzburg black (so called because frequently 
produced with the aid of “Salzburg vitriol,’ consisting of ferrous 
and copper sulphates), with ferrous sulphate and copper sulphate as 
mordants. 

2. Chrome black, with potassium bichromate and copper sulphate 
as mordants. 

3. Single-bath black, mordanted with ferrous sulphate, either 
alone or in conjunction with copper sulphate. 

An important point is the quality of the water used for dye- 
ing, softness being essential; so that hard water must be corrected 
with acetic acid. The resulting calcium acetate has a favourable 
influence on logwood dyeings, for reasons that have aiready been 
discussed in the chapter on Mordants. | 

Iron black is the oldest wool black known; the method is 
employed in a number of modifications, but only the simplest and 
most rational form will be described. The material is first 
mordanted with 10-15 per cent. of ferrous sulphate, 4—6 per 
cent. of copper sulphate, and 14-2 per cent.—sometimes as much 
as 5 per cent.—of potassium bitartrate. Loose wool requires more 
mordant than piece goods. In the case of finer goods the pro- 
portion of bitartrate is increased, the result being that the material 
is dyed through better. Dyeing then follows. Nowadays extracts 
are chiefly used for dyeing loose wool, yarns, and the finer piece 
goods, logwood chips serving for lower-class goods. The black 
obtained by the use of extract is dearer but finer, and has a cleaner 
appearance than that from chips. A very handsome blue-black can 

be obtained with 10 per cent. of solid extract, the quantity of chips 
required for dyeing varying between 30 and 60 per cent., according 
to their richness in dye and the quality of the goods to be treated 
—the finer the material the larger the amount of dyewood. Some 
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dyers prefer the inferior kinds of logwood (e.g. Monte Christo) to the 
better sorts for this purpose. To convert the bluish tinge char- 
acteristic of logwood blacks into deep black, the dye-bath must 
receive an addition of about 2 per cent. of 30° B. fustic extract. 
The goods are entered hot, raised to 100°, and boiled for an hour 

and a half to two hours. The after-treatment with copper sulphate 

is frequently given in order to deepen the black and remedy 
defective mordanting. When mordanting has been correctly per- 
formed the dye-bath will be of a wine-yellow colour. After dyeing, 
the goods must be thoroughly washed—piece goods receiving an 
addition of fuller’s earth—to dissolve the adherent unfixed particles 
of dye. If this be omitted the colour will rub off to a considerable 
extent. 

Chrome Black.—tThe production of a deep logwood black with 
a chrome mordant alone is impossible, this method furnishing a blue- 
black which, moreover, is fugitive under the influence of light. 

Consequently in practice the so-called chrome black is produced 
with the aid of copper sulphate, the resulting colour being deeper 
and faster to light; the shade depends on the amount of copper 
sulphate employed. 

The wool is mordanted with 3 per cent. of potassium bichro- 
mate, 14-3 per cent. of copper sulphate, and 14 per cent. of 
sulphuric acid; and is then dyed in the same way as for iron black. 
To ensure the black rubbing off as little as possible, which is an 
important consideration in yarns intended for working up along with 
white, the wool is returned to the mordanting bath for a short time 

after leaving the dye-bath. 
Single-bath black is produced in two ways. Formerly a common 

black was obtained by dyeing the goods for some time in a decoction 
of logwood and 5—6 per cent. of sumach, and then darkening with 
ferrous sulphate. 

This, however, rubs off more extensively than any other black 
dyeing on wool, and its use is therefore restricted to common wools 
and yarn waste. If a single-bath method appears advisable, either 
on the score of cheapness or because the prolonged boiling in the 
two-bath process is likely to injure the quality of the goods, then 
the dye-bath is prepared with 4 per cent. of ferrous sulphate, 2 per 
cent. of copper sulphate, 2 per cent. of oxalic acid, 10 per cent. of 
30° B. logwood extract, and 4—1 per cent. of fast yellow. After 
boiling the bath liquor and cooling it down with cold water, the 
goods are entered and boiled for an hour. 

An essential condition to success in this method is the use of a 
proper quantity of oxalic acid, which reagent is added to dissolve a 
portion of the colour lake formed in the bath, since, like other 
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textile fibres, the wool can only absorb dyes that are presented in 
the dissolved state. 

If the dye-bath contain too little oxalic acid it will seem quite 
turbid, owing to the greater part of the colour lake remaining un- 
dissolved ; consequently it will not furnish a full black. On the 
other hand, if the oxalic acid be in excess, not only will the whole 

of the colour lake be dissolved, but its absorption will be retarded. 
In such case the bath is quite pale, and naturally will not give a 
full black. 

The single-bath method is also applicable to other dyeings ; 
thus, a good navy blue can be produced in this manner with log- 
wood, acid violet, and acid green, whilst logwood and cloth red give 
a fast brown. For this last purpose the single-bath method was 
first applied, by Oehler, to replace santal. 

A logwood dyeing still frequently practised is the so-called log- 
wood blue, which is a handsome colour, but very fugitive to light. 
It is produced by mordanting the goods with 8 per cent. of alum, } 
per cent. of copper sulphate, 1 per cent. of bichromate, 4 per cent. 
of bitartrate, and 2 per cent. of oxalic acid, and then dyeing with 
logwood ; the blue obtained by the use of alum alone would be too 
dull. , 

The washing fastness of the. logwood dyeings is good; their 
fastness to light depends on the mordant used, copper and iron 
mordants giving fast colours, the other mordants fugitive shades. 
Iron black is very fast to light, but chrome black and logwood blue 
are fugitive, though the chrome black becomes satisfactorily fast 
when produced by the aid of copper mordant. On the other hand, 
iron black is very sensitive to acid; whilst chrome black is quite 
fast in this respect, dusts off to a smaller extent, and leaves the 
wool softer, on which account it is preferred to iron black for yarn- 

dyeing. 

Application of the Mordant Dyes to Silk. 

The mordant dyes are but rarely applied to silk; in fact, only 
when fastness to soap is desired. As in wool-dyeing, the chrome 
mordants are the chief ones used, alumina mordants being only 
resorted to for red and orange, and iron mordants for black. 

Of the mordant dyes that are suitable for silk, mention may be 
made of the following :—Alizarine yellow GGW, anthracene yellow, 
mordant yellow, diamond yellow, carbazol yellow, galloflavine, cloth 
brown, diamond brown, alizarine orange, alizarine red (the wool 

marks), Kalle’s cloth scarlet, galleine, anthracene blue, cceruleine, 

diamond green, alizarine black, diamond black, etc. As a matter 
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of fact, however, only a few are in general use, viz. alizarine red 
(eg. the SX mark), alizarine orange, galleine, and cceruleine. 

The modus operandi is as follows :—A very rich bast-soap bath 
is prepared of equal parts of (weak) bast-soap solution and water, 
which is then neutralised with acetic acid, for pale and medium 
shades, or made slightly acid for dark shades. The mordanted silk 
is then entered cold, worked about in the cold bath for twenty 
minutes or so, then raised to 90—95° C. in about an hour, and kept 

at that temperature for an equal time. When soft water is used 
an addition of calcium acetate must be made to the bath for 
alizarine red. 

After dyeing, the goods are rinsed, energetically soaped by boiling 
for a quarter of an hour with about 2 parts of soap per 1000, then 
rinsed again, and finally brightened with acetic or oxalic acid (20—25 
parts of 6° B. acetic acid per 1000, lukewarm) for ten minutes. 

Logwood black plays a particularly important part in silk- 
dyeing, and, indeed, forms a special branch of this industry, quite 
distinct from colour dyeing. © 

The black dyeing of silk is one of the most difficult tasks the 
dyer has to perform. The art of the dyer consists in dyeing the 
silk and loading it to different degrees,in all imaginable shades of 
black, without impairing its lustre. The extent of the loading to 
be obtained is highly divergent, the minimum being to parity (“al 
pari”), i.e. the weight lost in scouring has to be made up again in 
loading; whilst the maximum loading attains 400 per cent. This 
latter degree was formerly reached in the case of souple silk for 
umbrellas, but is now almost entirely discontinued. The usual 
loading is about 50-60 per cent., light, souple umbrella silks being 
increased to the extent of 20—30 per cent., and heavy souples for 

the same purpose by as much as 190—200 per cent. 
The requirements exacted of black silk in respect of shade, feel, 

and lustre are extremely varied, and the method of dyeing has to 
be modified in almost every case; consequently only the main out- 
lines of the process can be sketched here. 

The silk for black dyeing is treated almost exclusively in the 
state of hanks. The-dye used is generally a home-made prepara- 
tion, a 0°1° B. decoction of logwood chips, the commercial extracts, 
which are prepared from more highly concentrated decoctions, con- 
taining yellow dye-stuffs, in addition to haematoxylin, and being 
therefore unsuitable for the black dyeing of silk: in fact, the 
handsome blue-black known in France as “noir blew blew” cannot 
be obtained by the use of commercial extracts. 

The silk is dyed in either the souple or fully scoured state. In 
the latter event, the modus operandi is as follows :—The silk is first 
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mordanted with Rouil mordant, as described in the chapter on 
mordants ; after which it is blued by treatment in a bath containing 
_potassium ferrocyanide and hydrochloric acid, whereby Berlin blue 
is developed on the fibre. In the next place the silk is entered 
into a hot bath of catechu, to which is gradually added a certain 
quantity of tin salt, the proportion of this latter varying directly 
with the degree of loading required. Then follows a second bath 
of catechu, this time without tin, and this is succeeded by the 

actual dyeing with the aforesaid decoction of logwood in presence 
of soap. The final operation is that of brightening, which consists 
of treating the silk in a bath containing emulsified olive oil and 
acetic acid or citric acid. 

This is a broad sketch of the process, which is performed in 
various modifications. . 

Occasionally, to shade the dyeing, the silk is topped with 
fuchsine or methylene blue in a fresh bath. To obtain a blue tinge, 
iron pyrolignite must be used, the following treatment being inter- 

posed between the logwood bath and the brightening process :— 
A bath of iron pyrolignite ; 
A cold, weak logwood bath ; 

A cold, weak catechu bath ; 

A bath of soap and logwood. 
To obtain a still blue-black, the treatment with iron pyrolignite 

must be repeated after the second logwood bath. 
According to the type of black required, various modifications 

are introduced into the several stages of the process; thus, for 
example, a single mordanting and a single weak catechu bath with- 
out tin are sufficient for light souples; whereas, for a rich black 
“now riche”) the silk must be entered five times in a strong 
mordant bath and two catechu baths, one of them containing tin. 

For light cheap black, the blueing with potassium ferrocyanide | 
is omitted, its place being taken by a bath of alkali blue, which, 
however, must be used before, and not after, the mordanting with 

iron. For the sake of cheapness, catechu may be replaced by 
chestnut extract and divi-divi for heavy souples. Finally, also the 
brightening process is in many instances omitted, especially when 
the souple is intended for moiré, in which event a softening treat- 
ment is pursued. 

Some souples that are not required to be deep black are dyed, 
without logwood, by merely treating them with alternate baths of 
an iron mordant and a tannin mordant. 

The particulars of dyeing two different styles of black on silk 
are given below. 
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1. Noir Riche, with 50-60 per cent. of Loading. 

1. The scoured silk is mordanted five times in a 30° B. bath’ 
of Rouil mordant. | 

2. Entered cold in a bath of 20 per cent. potassium ferro- 
cyanide and 25 per cent. of hydrochloric acid, the latter added in 
two portions. : 

3. The silk is entered in a bath containing 200 per cent. of 
catechu, at 80° C., and, when the bath has cooled down to 65° C., 

an addition of 15 per cent. of tin salt is given, the silk being left 
in the bath for five hours longer. 

4. The silk is entered in a boiling-hot bath containing 100 per 
cent. of catechu, and is left therein overnight. 

5. Dyeing with a 0°1° B. decoction of logwood and 50 per 
cent. of soap. 

6. Dyeing with fuchsine in a bast-soap bath qualified with 
acetic acid, at a temperature of 40° C. 

7..To the foregoing bath is added, for brightening the silk, a 
mixture of 5 per cent. acetic acid and 4 per cent. of olive oil in 
the form of an emulsion. 

2. Trame Noir Souple Persan, with 150-160 per cent. of 
Loading. 

1. Treat with 5 per cent. of hydrochloric acid at 50°. Squeeze. 
2. Mordant twice in an 18° B. bath of Rouil mordant. 
3. Treat in a cold bath containing 30 per cent. potassium 

ferrocyanide and 40 per cent. of hydrochloric acid. Wash. 
4, Enter in a decoction of logwood (density, 0°03" B.), at 40° C. 
5. Enter in a bath of 500 per cent. of catechu, at 60° C.; heat 

and add 10 per cent. of tin salt when the temperature reaches 
70° C., and an equal amount at 80° C. The entire operation takes 
a day; the goods are then washed with water at 40° C. and 
drained. | 

6. Treat for an hour in a bath of 100 per cent. of soap, at 
60° C.; drain and dry. 

7. Enter in the above catechu bath for one hour; wash. 

8. Enter, at 50° C., in a bath containing 75 per cent. of soap 
and a little methylene blue. 

9. Enter, at 40° C., in a bath containing 3 per cent. of gelatin 
and 20 per cent. of acetic acid. 

10. Brighten with 4 per cent. of oil and 15 per cent. of acetic 
acid, at 40°C. 
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Application of the Mordant Dyes to Cotton. 

The most important mordant dyeings on cotton are the Turkey- 
red process, several catechu dyeings, and, in a secondary degree, 
logwood black. In this branch, and especially in the dyeing of 
loose cotton, there still exist various irrational methods which have 

been handed down by tradition, and, having been based on the 

dyeing of wool, are really unsuitable for cotton. These dyeings are | 
effected by the aid of dye-wood extracts, the cotton being boiled in 
dissolved mordants—alum, bichromate, copper sulphate, etc.,—then 

left exposed to the air all night, and dyed next day in a hot bath. 
Single-bath dyeings, darkened by after-chroming, are also still not 
infrequently performed. Leaving these out of consideration for 
the present, there are really two methods in use for dyeing 
cotton with mordant dyes. The chief of these consists in mor- 
danting the goods and then dyeing in a bath, which, with few 
exceptions, should be neutral. The goods should first be treated in 
the cold dye-bath for about a quarter of an hour, the temperature 
being then raised, in about three-quarters of an hour, to 60—70° 
C., and there maintained for three-quarters of an hour, after 
which the goods are’ washed, and, in some cases, soaped hot or 

warm. 
By this means a series of Bordeaux, garnets, browns, and 

violets are obtained with. alumina alone or alumina and iron as 
mordants, on piece goods, the dyes used comprising alizarine, quer- 
citron, redwood, rubine (impure fuchsine), and methyl violet, and 

being combined in pairs or threes—not employed all together. Thus 
brown shades are produced with alizarine, quercitron, and logwood, 
after mordanting with alumina and iron mordants, the colour being 
shaded, if necessary, with rubine or methyl violet. -Strangely 
enough, the low fastness of the two latter dyes is not manifested in 
these combinations. 

Of late a variety of dyeings for the production of discharge 
effects on piece goods have been performed by the aid of 
chrome mordants, the dye mostly concerned being anthracene 
brown. 

A second method for dyeing (mainly piece) cottons with 
mordant dyes is that of Erban and Specht, which, though originally 
designed for Turkey-red, is also applicable to the production 
of a whole series of lighter colours. It consists in first 
padding the goods with an ammoniacal solution of dye, then 

drying, entering in a mordanting solution, redrying, and after- 
wards effecting the combination of the dye and the mordant by 
steaming. 
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Turkey-Red Dyeing. 

By the name “ Turkey-red” is understood a red dyeing effected 
on cotton by the aid of alizarine, alumina, lime, and fatty-acid com- 
pounds. For several hundred years this colour, thanks to its 
beanty and fastness, has played a part comparable to that of indigo 
in blue dyeing. It probably originated in India, and was brought 
from Turkey to France, where the method of performance was 
published by the Government in 1765, and whence the process 
spread to other European countries. 

The production of Turkey-red was at one time the monopoly of 
a few manufacturers, who kept their operations a profound secret. 
In more recent days, however, this industry, which previously 

remained without any important changes, has made rapid strides 
through the supercession of madder by artificial alizarine, and the 
introduction of modern apparatus. The principal modification of 
of all resulted from the introduction of Turkey-red oil, which has 
entirely replaced the older process for dyeing piece goods, and to 
a great extent in dyeing yarns as well. The superiority of the new 
method over the old chiefly resides in its greater brevity, the pro- 
duction of the red now taking only as many days as formerly 
weeks. 

A good deal has been written with regard to the formation and 
composition of the colour lake here in question, and considerable 
research work has also been carried on in this connection. It was 

first discovered by Rosenstiehl that the formation of the lake from 
alizarine and alumina could not take place except in presence of 
lime. This was confirmed by Liechti and Suida, etc., it being also 
found that all Turkey-red dyeings contain lime. 

The principal results of the labours of Liechti and Suida may 
be briefly recapitulated. If a solution of aluminium sulphate be 
treated with a corresponding quantity of an ammoniacal solution 
of alizarine, there is formed a dark red precipitate, consisting of 
a combination of one molecule of alumina with three molecules of 
alizarine. | 

' This “normal aluminium alizarate ” is. readily soluble in water ; 
whilst the basic alizarates, which contain a smaller proportion of 
alizarine, e.g. 1-2—3 molecules to two molecules of alumina, are in- 

soluble in water and alcohol. Alkaline solutions of the normal or 
basic alizarates can be mixed with Turkey-red oil or soap solution 
without undergoing decomposition ; but, on the alkali being neutral- 
ised, red precipitates are thrown down. 

Liechti and Suida also prepared the calcium compounds of 
alizarine. Normal calcium alizarate, CaO.C,,H,O;, is formed, as a 
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blackish violet precipitate, by the action of lime water on alizarine. 
The acid and basic alizarates, which are similar in appearance, pass 
over into the condition of the normal salt when warmed, from 

which it must be concluded that the normal alizarate is also formed 
during dyeing. Mixed with Turkey-red oil, and steamed after 
printing on cotton, this salt is decomposed into alizarine, calcium 

sulphate, and the corresponding fatty acid compound of lime. 
Therefore, since the steaming of the dye in presence of Turkey-red 
oil also occurs in the process of Turkey-red dyeing, it cannot be 
assumed that calcium alizarate is present as such in Turkey red. 
On the other hand, one is obliged to consider lime as an essential 
constituent of the colour lake, the latter being therefore assumed to 
be an aluminium-calcium-alizarate. According to Liechti and 
Suida, a “normal red” has the composition Al,O,.CaO.(C,,H,Os). 
To produce this red upon the fibre the goods should be charged 
with 0°198 grm. of alumina (A1,0;), and be dyed with 7 grms. 
of alizarine (in the form of 20 per cent. paste) per metre of cloth. 
In comparison with the above formula all the reds met with in 
practice exhibit an excess—generally considerable—of alumina, 
which, however, neither improves the beauty nor the fastness of 

the colour. 
The amount of lime taken up in the dyeing is determined by 

the quantity of alizarine present; conversely, a material containing 
more lime will absorb a larger proportion of alizarine. When free 
calcium alizarate is present the red will have a brownish look; its 
beauty and brightness will be greatly improved by steaming in 
presence of Turkey-red oil, as will be evident from what has been 
stated above. 

So far the results obtained by Liechti and Suida; nevertheless, 
the part played by the fatty acids in Turkey-red dyeing has not yet 
been clearly defined. We know, from experience with the mordants, 
that fatty acids exert a fixative influence on alumina as on other 
mordants, apparently by the formation of the corresponding fatty 
acid salts. However, whether the compound of alumina with the 
fatty acid combines with the alizarine in the formation of Turkey- 
red, or whether the alizarine precipitates the fatty acid in order to 
itself combine with the alumina alone, is a question that cannot 
yet be decided. 

Since the Turkey-red lake always contains an excess of alumina 
and fatty acids, it may be justifiably assumed that a portion of the 
fatty acids is contained, as an alumina soap, in the dye. This 
assumption also affords a plausible explanation of the difficulty 
experienced in damping yarns dyed with Turkey-red oil, and the 
hardness of such yarns. To some extent also the fatty acids 
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probably form a mechanical protecting envelope for the colour lake, 
and thereby increase its fastness and lustre. 

Tannic acid also plays a part in Turkey-red dyeing, since 
without this acid it is impossible to produce a fast Turkey-red. 
Its chief action is to render the dye fast to chemicking (chlorine), 
a matter of importance in the case of yarns that have to be woven 
with unbleached yarn, and then fully bleached in the piece. As in 
the case of the fatty acids, here also it must be assumed that the 
tannic acid first fixes the alumina; whether, however, it is chemi- 

cally combined with the Turkey-red lake or not is unknown. 
Finally, so far as the composition of the “old red” is con- 

- cerned, we must assume it to correspond in the main with that of 
the “new red.” Fatty acid compounds of the alkalis are brought 
upon the fibre in large quantity, and are probably oxidised into 
oxy-fatty acid compounds. Hence, in the subsequent mordanting 
with alum, there must be formed the oxy-fatty acid compounds of 
alumina and alkali sulphate. Moreover, old red contains a larger 
quantity of oxy-fatty acid compounds with alkali, as such, a 
circumstance explaining the greater fastness of this dye towards 
acids, as also the softness of the dyed yarns and the readiness 
with which they can be moistened. 

To produce this old red, the yarn is cleansed by steeping for 
some time in water, followed by boiling in soda, almost without 
pressure, and washing. Next follows the characteristic feature of 
the process—mordanting with oil. For this purpose the yarn is 
treated for about a minute with an emulsion of “tournant oil ” 
and soda or potash, by the aid of a mechanical appliance imitative 
of hand-steeping, after which it is squeezed and dried. The first — 
stage of drying consists in hanging the yarn on a series of wooden 
frames set up in a spacious courtyard; and from these frames the 
yarn is transferred to the drying chambers, where it is left for 
some time, eg. overnight, exposed to a temperature of about 
40—50°C. This temperature must not be exceeded, and for this 
reason provision is made in large works for the automatic ringing 
of an electric bell when an undue elevation of temperature occurs. 
When dry, the yarn must be perfectly cool before it is laid in heaps, 
otherwise it may be weakened as a consequence of over-heating. 

This process of impregnation with oil and alkali is repeated three 
to five times. In the oil bath a dissociation of the oil into glycerine 
and the fatty acid compound of the alkali used takes place, the 
latter compound being absorbed by the fibre; so that the more 
often the bath is used the more glycerine will it contain. The 
absorbed alkali-fatty-acid compound is converted into an insoluble 
form when dried, probably by oxidation into an oxy-fatty acid 
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salt. The unmodified fat is finally washed out by treating the 
fibre with lukewarm water and a little soda, the resulting solution 
of soap being afterwards used as a brightening bath. 3 

After oiling comes the sumach treatment, the yarn being 
steeped for several hours in a warm decoction of sumach leaves 
(12-13 per cent.); this is followed by squeezing and aluming, 
without any intermediate washing. The alum bath consists of a 
fairly strong (about 12 per cent.) solution of iron-free alum, 
neutralised as nearly as possible with soda. The yarn is stretched 
on rods and immersed in the warm liquor. The rods carry toothed 
wheels on their extremities, which wheels, by engaging one in 
another, set the rods in rotary motion, and thus enable the yarn to 
be reeled in the mordant liquor. When properly impregnated in 
this way, the yarn is left at rest in the liquor for several hours, 
after which it is washed, preferably with hard water (to neutralise 
the sulphuric acid in the bath), and is then ready for dyeing. 

This operation is performed in wooden vats containing ali- 
zarine (mostly with blue tinge), a little sumach, and ox blood; 
and, in the event of the water being soft, a little calcium acetate 
must be added as well. The tannic acid and yellow pigmentary 
matter of the sumach. are absorbed first by the fibre, and help to 
ensure regularity of dyeing. The addition of ox blood to the bath 
assists in clarifying the colour, the impurities being enveloped by 
the coagulating albumin of the blood, and thus kept from absorp- 
tion by the fibre. 

The yarn, stretched on frames, is immersed in the cold bath, 

which is then raised to 100°C. in three-quarters of an hour, the 
goods being well worked the while. They are then lifted, tied 
together, and immersed in the bath once more, where they are 
boiled for a further three-quarters of an hour, in order to com- 

pletely fix the dye. 
To brighten the colour the goods, after dyeing, are first boiled 

with soda in large vessels, under a pressure of about a quarter of an 
atmosphere, to remove all impurities. This is followed by a similar 
boiling with soap; though sometimes the yarn is passed through a 

cold solution of the salt before boiling with soap, this treatment 
giving a brighter red. It is assumed that the tin is contained in 
the form of tin oleate in the fibre. Finally the goods are well 

washed. 
With the single exception of cost, this old red is superior in 

all its properties to the new red described below. The ratio of 
cost is as five to three. The fastness to acid and chlorine is 
greater than that of new red, and the yarn is also far softer. Yarns 
may also be dyed pink by the old red process. 
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The chief réle played by the new red process is in the dyeing 
of piece goods.1 The operations in this new method, which owes 
origin to the discovery of Turkey-red oil, are as follows: padding 
with the mordant, oxidising, dyeing, dunging, oiling, steaming, soaping, 
and washing. The first operations, which are performed in order to 
fix the alumina on the fibre, have already been described in the 
chapter on mordants, and will therefore be taken as-known. ‘The 
dyeing is effected in the hank, the usual adjuncts to the bath 
being sumach, bran, size, Turkey-red oil, and, in the case of soft 

water, calcium acetate. So far as the size is concerned, this 

adjunct is only employed as a resist, z.e. to protect from the dye 
those parts of the printed surface that are to finally appear white. 
The Turkey-red oil, having no particular influence on the colour, 
may be omitted with advantage, though still used in some works. 
The bran has a cleansing action on the colour lake, and the 
sumach plays the same favourable part here as in the old red 
process, both as regards the fixing of the alumina and the uniform 
absorption of the alizarine; however, as it stains the material 

yellow, it must be replaced by tannin when the production of a 
blue-tinged red is in question. Finally, so far as the alizarine 
itself is concerned, the marks mostly in use are those largely 
consisting of anthrapurpurine. The selection of the particular 
mark of alizarine to produce a given shade is facilitated by making 
small trial dyeings with so-called “garancin strips,” «e. strips of 
cotton fabric printed with alumina and iron mordants (these are 
obtainable from, inter alia, Koechlin Freres, Miilhausen). The 

amount of alizarine required depends on the thickness of the 
cloth and the depth of.red to be produced; from 84. to 8% grms. 
of 20 per cent. alizarine being taken per yard of 30-inch material. 
Bran and sumach are used in equal parts—each one-half of the 
quantity of alizarine employed. 

Greater care is needed in dyeing than with the old red process. 
The pieces are entered in the cold bath for half an hour, the bath 
then heated very slowly to 60° C., whereupon the steam is shut off 
and the dyeing proceeds in the cooling bath, so that the operation 
takes two to two and a half hours altogether; then follow washing 
and drying at a moderate warmth. In consequence of the presence 
of free calcium alizarate in the colour lake, the goods have a dirty 
brown look at this stage. Next follows padding with Turkey-red 
oil solution, the stronger the better for the beauty of the colour, 

1 According to Hummel, cottons are also dyed Turkey-red by the Steiner process, 

which consists in padding them in a hot oil bath, followed by quick drying at sharp 

heat, then padding with soda solution and drying as before, these two operations being 

repeated some seven times. The goods are next passed through soda and water, washed, 

dried, mordanted, dyed and brightened. 
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though this oil imparts a yellow tinge, which must be borne in 
mind when a bluish cast of red is desired. To give one example 
of quantities, 100 parts, by weight, of Turkey-red oil (90 per 
cent.) are taken per 1000 parts of water. For red that is to 
be afterwards discharged a smaller proportion of oil is taken, in 
order to facilitate discharging. After oiling, the goods are dried 
and then steamed, it being noted that the red comes out. brighter 
when the stuff is introduced in a slightly damp condition into the 
steaming chamber. 

Steaming is performed for two to two and a half hours under 
a pressure of about two atmospheres, and exercises a very beneficial 
effect on the brightness of the colour. It is succeeded by the 
equally important operation of soaping, which renders the colour 
purer and more vivid, the process being effected at boiling-heat for 
one and a half to two hours, with about half a pound of Marseilles 
soap per sixty-yards piece of cloth. To improve the brilliance of 
the colour and give it a yellow cast a little sodium stannate is 
added to the soap bath, the same procedure being adopted when the 
shade comes out too full. | 

As an appendix to the foregoing description, it must be added 
that the oiling process‘depends on the tinge—bluish or yellowish— 
to be developed in the red. In the former event a slight oiling is 
given, this taking place after dyeing; whereas in the other case a 
twofold oiling is applied—one before mordanting, the other after 
dyeing. For the first oiling, a strong solution—eg. 25 parts, by 
weight, of Turkey-red oil per 100 of water—is used, the goods 
being padded with this and then dried; then mordanted as usual, 
fixed, dyed, and padded again, this time with a weaker solution— 
e.g. 6 per cent. of Turkey-red oil. If oil has been brought on the 
fibre before dyeing, this latter operation can at once be proceeded 
with, and at a higher temperature than that already given. In this 
event the reaction that, under ordinary circumstances, goes on in 
the steaming chamber is in part completed in the dye-bath. 

Of late a very considerable improvement has been made in this 
new red process by abbreviating the cumbrous operation of mor- 
danting. This improvement was based on the fact, already utilised 
in the old red method, that cotton containing a large proportion of 
oil can be mordanted with alumina by simple immersion in a solu- 
tion of basic alum. The modus operandi is as follows :—The goods 
are padded with a strong solution (20 per cent.) of Turkey-red oil, 
then dried in the hot flue, immersed for some time in a solution of 

basic alum, squeezed, piled in heaps, and finally washed with hard 
water, or, preferably, entered beforehand in a warm chalk bath to 

neutralise the sulphuric acid from the mordant. All the subsequent 
12 
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operations are performed as before. Yarns are also dyed new red 
in this manner. 

The method of Schlieper and Baum effects the dyeing of Turkey- 
red in a very peculiar manner. The goods are first mordanted with 
sodium aluminate, and then treated several times over with chalk, 

in order to convert the sodium aluminate into calcium aluminate on 
the fibre. The dyeing is performed by passing the material through 
a boiling-hot solution of alizarine in lime-water, in three to four 
minutes. After dyeing, the goods are padded with “acid soap,’ 
dried, steamed, and soaped. 

Although the red obtained by this method is oe than that 
from the ordinary process, the method itself has not met with any 
extensive application, probably because some of the details of the 
manufacture are known only in the inventors’ own factory. 

Mention should also be made of the Erban-Specht process, 
which is specially adapted for the production of pink. The details 
of the process are given in the prospectus issued by the Hoechst 
Farbwerke. 

Colours in Competition with Turkey -Red.—Until lately 
alizarine was without a rival as a red dye for cotton, merely a few, 
quite fugitive, yarn-dyeinys having been performed with croceine 
scarlet. However, since the discovery of Congo-red and benzo- 
purpurine, large quantities of cotton have been dyed with these in 
(fugitive) imitation of Turkey-red. 

The most dangerous competitor of the last-named dye is nitrani- 
line red, which has largely displaced alizarine in the dyeing of piece 
goods, mainly by reason of its greater cheapness, the ratio of the 
cost of production of the two dyeings being about 4:1. Moreover, 
nitraniline red has the advantage of dyeing the goods through 
better than its rival, which remains more on the surface, so that 

materials dyed with alizarine red are unsuitable for raising. On 
the other hand, nitraniline red has some very grave drawbacks, the 
colour being too crude and glaring, as well as less fast to light and 
the influence of weather than alizarine red, especially when produced 
without the aid of antimony. In addition, its covering power is 
low, on which account the goods require to be well bleached before- 
hand, whereas Turkey-red will satisfactorily mask even a yellow 
cotton. 

Dyeing with Catechu. 

Thanks to its great fastness, this natural dye-stuff still plays a 
very important part in cotton-dyeing, and would be even more 
largely used, especially in calico-printing, if it could be discharged. 
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It also deserves remembrance in wool-dyeing, at least in such cases 
where great fastness to light is in question. 

Catechu dyeings have only one drawback, viz. that the material 
becomes harsh when dyed in dark shades. 

The dyeing process is based in part on an oxidation whereby 
the colourless catechu is converted into brown japonic acid, and 
partly on the formation of a colour lake. 

Light catechu shades are produced on loose cotton and yarns in 
the following manner:—The goods are dyed for a half to one hour at 
60° C. with yellow or brown catechu, or a mixture of both, and an 

addition of about 2 per cent. of copper sulphate. They are then 
treated for about twenty minutes in a bath of potassium bichromate 
or iron pyrolignite—the former applied warm, the latter cold. 
Developing with chrome gives reddish brown shades, iron greenish 
tones, intermediate shades being obtained by mixing the developers. 

Yellow shades are produced by adding fustic and alum to the 
dye- -bath ; for duller and more greyish tones the foregoing adjunct 
is Elecad by logwood without alum. 

Dark catechu dyeings are always produced by the aid of dye- 
wood extracts (logwood, fustic, redwood). 

In dyeing loose cotton and yarn, the modus operandi is as 
follows :—The goods are boiled for about an hour and a half in the 
dye-bath, containing catechu and copper sulphate, eventually also 
logwood or fustic extract, and then lifted and left exposed to the 
air. On the following day they are treated in a hot bath of 
potassium bichromate, and afterwards in a hot bath containing 
varying quantities of different dye-wood extracts, according to the 
shade required. This final dye-bath occasionally receives an 
addition of alum, or also tin salt for reddish tones. 

Piece goods are first padded with a weak acetic acid solution 
of catechu, and dried, then passed through a hot solution of 
potassium bichromate, partially neutralised with soda, rolled up, 
and left alone for some time. In the case of dark shades, the 
pieces are passed a second time through the chrome bath, and left 
rolled up for several hours. Yellower tones are obtained by adding 
alum to the chrome bath; still yellower shades by adding alum and 
fustic extract; whilst, for very dark shades, an addition of logwood 
extract is given. 

Catechu dyeings are frequently shaded by the aid of basic 
dyes, applied in a fresh bath in association with alum. 

More recently a product obtained by treating catechu with 
potassium bichromate or alum has been put on the market under 
the name of “ prepared catechu ” or “ catechin.” 
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Black-Dyeing Cotton with Logwood. 

The employment of logwood in the black dyeing of cotton has 
suffered considerably from the competition of aniline black and 
various substantive dyes. 

The’ first black on cotton was produced with sumach and iron 
mordants, the colour, however, being only a dark grey. At present 
there are two chief methods of dyeing cotton black with logwood. 
The first of these, which is mainly employed for loose cotton and 
yarn, consists in producing a colour lake from logwood, tannic acid, 
and salts of iron and copper, in various ways. 

The most rational of these is the following :—The cotton is first 
left overnight immersed in a decoction of 40 per cent. of sumach ; 
it is then squeezed and treated for half an hour in a cold solution 
of iron pyrolignite (of about 3° B. density), followed by passing it 
through very dilute lime-water, and thoroughly washing. By this 
means iron tannate is produced on the fibre; the lime treatment 
serves to neutralise the acid. -The iron pyrolignite may be replaced 
by “iron nitrate ” or ferrous sulphate, a little levigated chalk: being 
added to the bath in the latter case. A handsomer black is 
obtained by the use of alumina mordants—a little aluminium pyro- 
lignite, for example, being added to the iron bath. 

The cotton thus prepared is next dyed with logwood, some- 
times in presence of a little fustic, by entering in the cold bath, 
which is then slowly raised to boiling. To increase the fastness 
of the black, the stuff may afterwards be treated in a bath of 
bichromate (4 part per 1000, at 60°C.) or iron nitrate. Some- 
times the shade is darkened in the dye-bath itself by an addition 
of copper sulphate. 

Finally the cotton is soaped, a treatment that makes the tone 
of the black more agreeable. 

The numerous variations of this method have been described 
by Ed. Weiler (Lehne’s Farber Zeitung, 1889-90, p. 137). 

The following method is generally employed for the production 
of mourning goods in piece dyeing :—The stuff is padded with a 
mordant solution consisting of 3 parts of iron pyrolignite (6° B.) 
and 7 parts of aluminium pyrolignite (7° B.), then fixed and dyed 
in a bath containing, in addition to the necessary quantity of 
logwood and a little quercitron, 24 oz. of borax, 14 lb. of sumach, 
and 54—64 lb. of cow dung, per 22 gals. of bath liquor. For the 
first quarter of an hour the bath is cold, after which time it is 
heated so as to bring the temperature up to 80—90°C. in about an 
hour. After dyeing, the goods are washed, treated with bran, and 
washed again. The bran bath is prepared by boiling bran—packed 
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in close bags—in water, in the proportion of 1 part, by weight, 
to 100 parts of water, the cotton being then treated in this hot 
‘liquor for twenty minutes. 

5. Application of the Vat Dyes. 

This group contains only two dye-stuffs—indigo and indophenol 
blue. Both are insoluble in water, and therefore cannot be used 

directly for dyeing. On the other hand, their leuco-compounds 
are soluble, have a very decided affinity for the fibre, and are also 
gifted with the property of being readily reconverted into the 
dyes themselves under the influence of weak oxidising agents. 
Consequently, in order to dye with these dye-stuffs, all that is 
necessary is to impregnate the fibre with the reduced dye in solu- 
tion, and then expose it to the air. The fibre absorbs the leuco- 
compound of the dye-stuff, which is then reconverted by the 
atmospheric oxygen into the corresponding insoluble dye, the latter 
being precipitated firmly in and upon the fibre. 

This method has been practised from time immemorial with 
indigo, and plays a highly important part, inasmuch as indigo has 

been, and still is, the chief vat dye-stuff known. 
“Vat dyeing,” or “blue dyeing,” is the term usually applied to 

dyeing with indigo, since, with the exception of the comparatively 
unimportant indigophenol, no other dye is applied in this manner, 
nor can indigo itself be fixed on the fibre in any other way. 

The term “vat” applies to the vessel employed for dissolving 
the indigo, and also to the solution itself. This latter is prepared 
by the aid of various reducing agents, which, however, can only be 
used in presence of an alkali, the resulting indigo white being 

insoluble except in alkalis. 
The vats. may be divided into warm and cold, or fermenting 

and non-fermenting, vats. To the fermenting vats belong the 
woad, soda, potash, and urine vats; they are warm vats, and are 
employed exclusively for wool. The non-fermenting vats comprise 
the zine or preparing vat, the vitriol vat, the hyposulphite vat, and 
the indigo-indigophenol vat. The first two of these are cold vats, 

and are therefore used solely for vegetable fibres; the others are 
warm vats, and can be applied to the dyeing of both vegetable and 

animal fibres. 
Whichever vat be employed, the first task is essentially the 

careful comminution of the indigo, since it is only when this 
substance is in a fine state of division that it can be brought into 
solution by reducing agents. For this purpose the indigo is mixed 
into paste with water and alkali, and ground for some consider- 



182 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

able time in an indigo mill, of which there are numerous 
types. | 

The most important of the fermentation vats is the woad vat, 
which plays a principal part in the dyeing of wool, and is used 
solely for this purpose, the warm vats as a whole being ill adapted 
for dyeing vegetable fibres, whilst the application of indigo to silk- 
dyeing has now been abandoned. 

The fermenting materials used in the preparation of the woad 
vat are woad, madder, bran, and syrup, the woad playing the chief 

part in the mixture. The addition of madder is in so far favour- 
able that, apart from its fermentative action, this substance takes 

part in the dyeing process by virtue of its tinctorial character, a 
valuable consideration when dark shades are in question. The bran 
acts as an instigator of fermentation, and, in addition, imparts to 

the bath liquor a certain degree of viscidity favourable to the 
suspension of the indigo that is to be dissolved therein. However, 
since the presence of a large quantity of bran would tend to choke 
the vat, a portion of this substance is replaced by syrup. 

The alkaline adjuncts to this vat are lime and soda. They 
~ serve to neutralise the acidity engendered by the fermentation, and 

to maintain the liquor in the state of alkalinity essential for bring- 
ing. the indigo white into solution. In addition, they retard 
fermentation, and therefore afford a means of regulating the 
progress of this operation. 

The woad vats are usually round in shape, measuring about 
eighty inches across and eight feet in depth, and are set about 
two-thirds in the ground; for yarn-dyeing they are mostly 
square. 

The vats are started by powdering the woad, mixing it into a 
paste with boiling water and leaving to stand for some time, after 

which it is introduced into the vat, filled with water, the madder, 

bran, lime, soda, and ground indigo being then added. The pro- 
portions employed are—woad, 220-330 lb.; indigo, 11 1b.;-madder, 
33 lb.; bran, 33 1b.; lime, 44 lb; soda, 22 lb. The vat is now 
heated to 100° C., stirred up well, and covered up, after the fire 
has been drawn, in order to keep warm as long as possible—an 
essential condition for the inception of fermentation. After stand- 
ing twenty-four hours the vat is uncovered to see whether fermenta- 
tion has begun, which will be the case if the liquor “ works,” ie. 

throws up a number of small bubbles; whilst the initially blue 
colour of the liquid has now become a yellowish green, a blue scum 
floats on the surface, and the smell has changed. Should these 
indications be absent, the vat is covered up again and left to itself 
for some time longer before being reinspected. As a rule, the woad 
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vat will have begun to ferment in two to three days, though the 
actual time may vary according to the time of year. 

When fermentation has commenced, the vat is limed by adding 
finely sifted slaked lime at intervals of two to three hours, stirring 
the contents up well after each addition. By this means the acidity 
produced during the fermentation is neutralised, and the fermenta- 
tion restrained at the same stage for some time, in order to bring 
the whole of the indigo into solution. The newly started vat 
cannot be used for dyeing immediately, because at this stage the 
fermentation and the solution of the indigo are only just begun; in 
fact, the vat is not fit for use until it has been limed several times 

and a large proportion of the indigo has been brought into solution. 
The vat in this stage exhibits the following characteristic indica- 
tions :—The vat liquor is olive green in colour, and carries on its 
surface a layer of copper-blue scum, the “bloom,” }—1 inch deep ; 
the smell is peculiar and faintly ammoniacal; and, where the 
separated scum has left the surface visible, a number of blue 
“veins” appear. When the vat has arrived at this stage, it must 
be used at once for dyeing, and not left any longer, otherwise the 
fermentation will proceed at the expense of the indigo. The woad 
vat can be kept in use for several months in succession, provided it 
be maintained in good condition in the following manner, the 
process, however, being one of the most difficult tasks the dyer has 

to perform :—After dyeing a whole day, the vat is reinforced in the 
evening by the addition of a certain quantity of madder, syrup, 
and lime, then heated, well stirred up, and left covered up all night 
for use the following day. In order to replace the loss of indigo 
sustained in dyeing, an addition of this dye-stuff must also be made 
at intervals every day or second day. 

The two extremes to be avoided are excessive fermentation 
owing to an insufficiency of lime, and a cessation of fermentation 
through an excess of that adjunct. The former condition, known 
as mildness, because of the sweetish odour evolved, can be remedied 

by adding lime at intervals until the smell and appearance resume 
their normal condition. If, on the other hand, the vat contain too 

much lime, if is considered to be sharp, and will smell strongly of 

ammonia, in which event the excess of lime must be neutralised by 
a gradual addition of acid, the fermentation being restarted by the 
aid of bran. Unless excessive fermentation be checked in time by 
adding lime, the colour will be wasted; and the final condition of a 
sharp vat is blackening. In either event, it is often impossible to 
remedy the defect, and the liquor has to be run to waste. This 
can, however, be avoided by careful supervision; the dyer must be 
able at any time to tell, from the appearance, smell, and behaviour 
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during dyeing, whether the vat needs an addition of lime or a 
ferment. 

Vat-dyeing is performed at a medium temperature (about 
50° C.), and in this case, more than any other method of dyeing, 

great care is necessary to see that the goods are thoroughly damped 
beforehand. The scum must be removed before entering the goods. 
Loose wool is invariably dyed in circular vats, the wool being 
enclosed in a net, completely immersed in the vat liquor, and 

worked about therein by means of sticks. After about an hour it 
is lifted and well squeezed to express the excess of liquor. At this 
stage the colour is green and has to be developed into blue by 
oxidation, for which purpose the wool is thrown in a heap on the 
floor and shovelled over so as to expose all parts to the air. If the 
vat is in good condition the lifted wool will have a yellowish green 
shade, which afterwards turns dark green before arriving at the blue 
stage, the latter being attained gradually. If the change occurs too 
quickly, the vat is too sharp; and converse behaviour indicates 
excessive mildness, the condition of the bath being thus determinable 
by dyeing a small sample and observing its behaviour after lifting. 
Occasionally such parts of the wool as have not come in contact 
with the air remain quite white. The development of the blue will 
be complete in about a quarter of an hour, whereupon the wool can 
be re-entered in the vat if a darker shade is required. 

To produce a bright light blue, a fairly fresh vat is essential, 
and this must contain less lime, and consequently more soda, than 
usual. However, the vat should not be quite fresh, since the first 
parcel dyed in the vat is always dull and muddy in colour, in con- 
sequence of-the dun-coloured pigments of the madder and the woad. 
Finally, this vat must be rather weak in indigo. 

To match a dark blue exactly to pattern, the goods must first 
be blued in a strong vat until the desired shade is nearly attained, 

and then finished in a weak vat. 
Yarns are suspended on smooth sticks, then immersed in the 

vat liquor, and kept well worked about therein, after which they are 
lifted, squeezed, and left to blue. 

_ For piece dyeing, the vat is fitted with an attachment which 
enables the goods to be kept in motion all the time and below the 
surface of the liquor. At the end of one to three hours, according 
to the strength of the vat and the depth of colour to be - produced, 
the pieces are unwound and the superfluous liquor squeezed out 
between rollers. To develop the colour the pieces are alternately 
folded and opened out, and are finally washed. Vatted pieces must 
not be left for any length of time in a warm place before washing, 
or they will be liable to turn mouldy. 
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The other fermentation vats are managed and applied in the 
same way as the woad vat, but, as they are of little practical 
importance, no further description is necessary. 

Frequently, in order to save indigo, vatted goods are topped 
with logwood, for which purpose they are first mordanted with 
alum, copper sulphate, potassium bitartrate, and oxalic acid, and 

then dyed with logwood. In other cases, however, they are 
mordanted in the same manner as for logwood blue (q.v.), which 
is a decided irrational process, the greater part of the indigo on the 
fibre being destroyed by boiling in the bichromate bath. These 
dyeings are known as “ semi-fast blue,” being less fast to light than 

vat blue. . 
Occasionally the topping with logwood is only intended to 

secure better equalisation of the dye, uniformity being difficult 
to obtain on piece goods in vat dyeing. 

To produce a semi-fast blue with a blackish appearance, which 
though less brilliant than, is quite as fast to light as, true vat blue, 
and is also fast to wear, the goods are first blued in the vat, then 
boiled with santal, and afterwards vatted anew. 

To impart a vivid appearance to vatted piece senda they may 
be topped with a small quantity of methyl violet or archil. 

The Hyposulphite Vat.—This vat is dealt with in connection 
with the fermentation vats, inasmuch as it also is used warm and is 

chiefly employed in wool-dyeing. 
The hyposulphite vat is based on the property of the hydro- 

thionic acid discovered by Schiitzenberger, of forming with indigo 
a colourless double compound, which is soluble in alkalis and is 
decomposed by the weakest oxidising agents, indigo blue being 
thereby liberated. For practical use, the sodium salt of hydro- 
thionic acid is prepared by allowing zinc dust to act on the bisul- 
phite in a tightly closed vessel, the mixture being kept stirred and 
cooled.. The reaction is complete within about an hour, and is 
probably well expressed by the following equation :— 

4NaHSO, + Zn =Na,S8,0, + Na,SO, + ZnSO, + 2H,0. 

The hyposulphite solution is rendered slightly alkaline with 
milk of lime, in order to diminish its instability, and is then 
ready for use. It is preferably stored under a gas seal. A 
stock solution of indigo is then prepared by heating 1 part of 
ground purified strong indigo with 4 parts of hyposulphite to 
80° C. for some little time. Of the resulting yellow-brown solution, 
a definite quantity, depending on the depth of blue desired, is 
added to the vat along with hyposulphite. 

Wool is dyed in the hyposulphite vat at 50—60° C., a temper- 
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ature that must not be exceeded by more than a few degrees. At 
the outset the vat liquor will be bluish grey in colour, and does not 
dye so well as when it has changed to yellowish green; in fact, in 
this first stage it behaves like a sharp woad vat. 

In worsted dyeing, the hyposulphite vat plays the most important 
part in the production of light shades that cannot be obtained in 
the same degree of beauty by means of the fermentation vats; con- 
sequently this method of application will be described first. 

The vat, filled with hot water, is first charged with the neces- 

sary quantity of stock solution and commercial hyposulphite solu- 
tion at the rate of about 3 gals. per 1100 gals. of vat liquor; 
after being well stirred up the vat is ready for dyeing. In the 
case of very light shades, the principal consideration is perfect 
equalisation, and this depends on two circumstances—(1) the well- 
damped yarn must be carefully separated into individual hanks, 
each of which is then suspended from a separate very smooth hazel 
rod; (2) the conversion of the green dyeing into blue must be 

’ performed in the most careful manner possible, as described in 
detail below. If these conditions are not properly fulfilled, the 
colours will be uneven and mixed. | 

The rods laden with yarn are set side by side in a wooden 
frame, without touching one another, the whole being then slowly 
dipped into the vat. Here they are turned by hand at intervals, 
and remain until it is quite certain that the absorption of dye has 
ceased. This is necessary, because the hanks cannot be all taken 
out at the same time, but must be lifted in succession; and, since 

it is essential that the whole parcel should be uniform in depth of 
colour, no opportunity can be allowed for any of the hanks to 
absorb more dye than the rest. : 

The absorption will be complete in about half an hour, where- 
upon the hanks are lifted from the vat one after another, rapidly 
squeezed, and then rinsed in cold water in the following manner :— 
Three or four tanks, about 10 feet long by 40 inches wide, are 
placed in a row close by the vat, and through these the yarn is 
passed in succession, being opened by a pair of workers in the first 
tank, worked round, taken over, and treated in a similar way by a 

second pair of workers, and thereby advanced a stage, the operations 
being repeated until the end of the last tank in the row is reached, 
whereupon the yarn is squeezed and drained in the hydro-extractor. 

The object of this treatment is to remove the superfluous vat 
liquor from the yarn as quickly as possible, and enable the blueing 
process to proceed gradually. The water in the said tanks must 
be renewed at intervals during the progress of the work; this 
applies particularly to the first tank, since this receives the largest 
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quantity of vat liquor. The changing can be effected by making 
the feed and discharge continuous. 

The colour of the freshly lifted yarn is yellow, changing to 
green in the first rinsing tank, and then gradually turning blue, the 
change not being quite complete till the yarn has passed through the 

hydro-extractor. 
| In this manner the palest blue shades can be obtained in 
perfect uniformity and clearness, the possibility of which forms the 
chief advantage of the hyposulphite vat. 

‘Before dyeing a second parcel of yarn in the once-used vat, the 
latter is replenished with indigo solution and hyposulphite (about ~ 
1°32 gal. of this last per 1100 gals. of vat liquor). 

In dyeing dark shades the proportion of indigo solution and 
hyposulphite must be increased, e.g. for 6°6 lb. of indigo 54 gals. 
of hyposulphite. After dyeing for about half a day, a further 
quantity of about 34 gals. of hyposulphite must be added. 

For dyeing piece goods the vat is fitted with an appliance for 
keeping the pieces in motion, as in the case of the woad vat, and, 

after dyeing, the pieces are conveyed to the rinsing tanks over a 
set of guide rollers. Loose wool is dyed as in the woad vat. 

About 4 cwt. of wool per diem can be dyed medium blue in 
a hyposulphite vat measuring 10 feet in depth and 64 feet in 
diameter. 

Quite a dark blue can be easily and quickly produced in the 
vat by an addition of acetic acid, it being unnecessary for the vat 
liquor to be strong. However, the dye-bath in this case cannot be 
used again. | 

In addition to the already quoted advantages of the hyposulphite 
vat come the following, which render it the most perfect vat for 
wool-dyeing :—Easy manipulation; non-necessity for supervision, 
since it may be laid aside to rest at any time; can be used for 
dyeing as soon asset; no sediment is formed except the dirt 
deposited by the wool; the resulting blue is perfectly fast to washing 
—at least in light shades—and does not rub off. | 

On the other hand, the hyposulphite vat is very little used for 
cotton-dyeing, and then only at low temperatures—about 25—30° C, 

What the woad vat is for wool, the zinc vat is for cotton and 

linen. It has for the most part displaced the old vitriol vat, and is 
now almost the only vat used for cotton-dyeing. Its action is based 
on the property possessed by zinc dust, of readily decomposing water 
in presence of an alkali, and combining with the liberated oxygen, 
whilst the hydrogen reduces the indigo blue to indigo white, which 
is immediately dissolved by the alkali— 

Zn + 2H,O = Zn(OH), + H,. 
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Lime is the alkali generally used here. 
A stock vat is first set by mixing together 10 parts of ground 

indigo, 7 parts of zinc dust, and 20 parts of lime, to form a pulp 
with water and leaving the whole to ferment in a tub. In about 
twenty-four hours the process of reduction will be complete, where- 
upon a portion of the contents of the stock vat is transferred to the 
dye vat, stirred up in the cold water with which the latter is filled, and 
left at rest until the liquor has clarified, by which time the vat will 
be fit for use. The zinc vat varies in size and shape, but in the usual 
round form the ratio between depth and diameter is about 24:1. 

The appearance of the zinc vat differs little from that of the 
woad vat, whilst the management 

i is much easier, all that is necessary 
t being an occasional replenishing 
- from the stock vat or an addition 

of zinc dust or lime. If the vat 
liquor be green, too much indigo 
is present; if yellow, too little. 

SDSPPPPPP TTT TE PEEP EE When there is a deficiency of lime 
i the vat becomes turbid through 
a the evolution of hydrogen. After 

ran 

Fc.. 26. 

each addition to the vat the liquor must be stirred up and then 

left to settle before use. 
Cotton may be dyed in this vat in all stages of manufacture ; 

most frequently in piece form, less often as yarn. The piece of 
cloth to be dyed is wound on the frame shown in Fig. 26 in such a 
manner as to preclude contact between any two adjacent layers; 
and, after the scum has been removed from the vat, the frame is 

immersed in the liquor and kept therein for five to ten minutes. 
The frame is then lifted and kept in the air for an equal time, in 
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order to develop the colour. If the goods be dyed in several dips, 
the frame must be reversed after each, or else the lower part of the 

cloth will come out darker than the rest. After dyeing follows 
“souring,” which consists in entering the cloth, full width, in 

sulphuric acid of about 2° B. density, to remove adherent calcium 
carbonate and consequently brighten the colour. The operation is 
completed by washing. The indigo dissolved in the processes of 
souring and washing must be recovered. 

If the blue be desired to have a coppery appearance, the goods 
must be dried by heat. The brilliancy of the colour may be im- 
proved by methylene blue and methyl violet, these being, however, 
applied in the dressing, and not in the dyeing process. 

Frequently, and especially in yarn-dyeing, the operation of 
vatting is preceded by a bottoming with some other dye. This is 
primarily intended to economise indigo, but the goods are: also 
dyed through better, and sometimes also the tendency of the vat 
blue to rub off is diminished by this means. The dyes used for this 
purpose are Columbia-black R, diamine black, Chicago-blue, benzo 
blue-black, etc. In small dyeworks topping with logwood is often 
practised, the dyed cotton being treated in a bath of logwood, alum, 
and copper sulphate, or else first entered in a solution of iron pyro- 
lignite and then dyed with logwood and alum. 

Finally, it may be mentioned that the dyed yarns are often 
treated in a hot chalk bath, which diminishes the tendency of the 
colour to rub off. 

The most important improvement in piece dyeing was the 

introduction of the continuous vat, a process wherein the alternate 
dipping and lifting of the goods is effected in a continuous manner 
by leading the cloth upwards and downwards over a series of rollers, 
partly in and partly out of the vat. The roulette vat is a kind of 
double vat, the dyeing process See poreMe to a double passage 
through the continuous vat. 

The continuous vat process is superior to the older method in 
every respect ; the blue is handsomer and better fixed; less indigo 
is lost in the washing, and, owing to the pressure of the squeezing 
rollers, the goods are dyed through better and a better green is ob- 
tained ; moreover, there are fewer light patches, and even dead 
cotton is dyed. For discharge effects this vat alone is employed, 
on account of the necessity for having a handsomer blue than is 
required when the goods are of one colour throughout. 

The vitriol vat is set with indigo, ferrous sulphate, and lime; 
the management and application are the same as for the zinc vat. 
Over the latter it possesses a single, but not unimportant, advantage, 
namely, that the blue is fixed better, owing to the slower rate of 
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dyeing. In all other respects it is inferior to the zinc vat, so that 
nowadays it is but seldom used. 

The indigo-indigophenol vat is set in a similar manner to the 
hyposulphite vat. Its advantage consists in replacing a portion of 
the indigo by the cheaper indigophenol. It is, however, not very 
easy to manage, owing to the difficulty in regulating the addition of 
hyposulphite, and has not attained any practical importance. 

Dyes competing with Indigo.—Attempts have been made 
to supersede indigo, for wool-dyeing, by a number of blue mordant 
dyes, such as alizarine blue, anthracene blue, alizarine cyanine, 

brilliant alizarine cyanine, etc., with some degree of success; and at 

the present time a number of dyeings that were formerly performed 
with indigo exclusively are carried out with these substitutes. 

The superiority of indigo over these rivals consists in the 
hands »mer and fuller appearance, conjoined with the unsurpassed 
fastness of the colours to light. True, indigo fades a little under 
the influence of light; nevertheless, the blue, even in the lightest 
shades, always retains its handsome, bright tone, which is not the 

case with the other dyes mentioned. In fact, the latter can only 
replace indigo for dark shades, leaving it unrivalled for light blues, 
especially since the introduction of the hyposulphite vat. 

A dye largely used of late is Bayer’s sulphocyanine, by reason 
of its excellent fastness to wear and resemblance to indigo in 
colour. 

For cotton-dyeing a number of basic dyes, such as indoine, 
naphtindone, diazine blue, new blue, indamine blue, indophenine, 

meta- and paraphenylene blue, etc., have been employed to imitate 
indigo. However, when subjected to test, the resulting dyeings are 
far inferior in fastness to indigo, and the superiority of the latter 
becomes still more apparent. Under the action of acids, bleaching 
powder, washing, and light, indigo dyeings suffer merely quantitative 
alteration, the brilliant blue colour remaining unchanged. The rival 
dyes, on the other hand, mostly become discoloured, often reddish 
grey, and, in the dark shades, mostly rub off quite as much as vat 
dyeings. The best of these substitutes is indoine blue (B.A.S.F.) 
which is identical with naphtindone (C.) and diazine blue (Kalle). 

Dianisidine blue is incapable of replacing indigo for piece 
cottons, on account of its deficient fastness to acid; and, moreover, 

this dye is difficult to equalise. On the other hand, the developed 
or coppered dyeings of certain of the substantive dye-stuffs, such as 
diaminogen (C.), diazo blue R (By.), diamine blue RW (C.), ete, 
which are very fast to light and washing, give promise of becoming 
useful substitutes for indigo. 

Other dyes largely used for the production of dark indigo blue 
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dyeings are various kinds of diamine black, either direct dyed 
or developed, as well as direct-dyed diazo black and diamine 
blue BX. 

6. Application of the Developing Dyes. 

The developing dyes are not purchasable in the finished 
condition, but are produced on the fibre. They are applied solely 
to cotton, and are distinguished by their fastness. They are 
divided into three groups—(1) the ice colours; (2) aniline black ; 
(3) mineral dyeings. 

Before proceeding to a special description, the following obser- ° 
vations should be made:—The first stage in the production of 
these dyeings on piece goods consists in bringing the dissolved 
potential dye-stuff upon the fibre by padding, squeezing, and drying. 
In performing these operations it must always be borne in mind 
that the amount of the substance thus brought on the fibre 
depends not only on the strength of the solution, but also on 
the pressure of the squeezing rollers employed, which must there- 
fore receive particular attention. 

The name “ice colours” is applied to a series of insoluble 
azo dyes, which are produced on the fibre, from their components, 

by the aid of ice as a cooling agent... The first processes of this 
kind were those described in the patents of Read, Holliday, & Sons, 

of Huddersfield (1880), and Fr. Grissler. Great difficulties had, 
however, to be overcome in applying the method on a large scale, 
and it was not until the end of the eighties that J. J. Weber, 
of Winterthur, succeeded in producing a red from amidoazobenzol 
and $-naphthol on the fibre, on a manufacturing scale. Credit 
is also due to the Hoechst Farbwerke in particular, in connection. 
with the further extension of these dyes, which, thanks to their 
cheapness and beauty, now play a very important part. 

The method actually practised is briefly as follows :—The well- 
bleached cotton pieces are padded with a solution of 8-naphthol 
in caustic soda, then dried, and afterwards passed through a solution 
of a diazotised amine, cooled by means of ice. The chief dyeings 
are— 

Searlet with p-nitraniline ; 
Bordeaux ,, a-naphthylamine ; 

Brown , benzidine sulphate, with or without addition 

of a-naphthylamine ; 
Blue »  dilanisidine. 

In addition, for reds, there are azophore red, nitrosamine red, 

phenetidine red, and, for a yellowish Turkey-red, 8-naphthylamine ; 
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for blue, azophore blue; and for fast garnet, amidoazotoluol,—to 

be considered as amines. Moreover, blacks have latterly been 
produced by this process, use being made of “azo black base” 
(M.L.Br.), consisting of a mixture of dianisidine and benzidine; 
as well as azotol © (C.), either of which gives a black with 
8-naphthol; as also the combination of nitraniline and naphthol 

BD <C.) 
The different manufacturers of dye-stuffs are busily endeavouring 

to increase the number of these dyes and to improve those already 
known. This applies particularly to nitraniline red and dianisidine 
blue, the endeavour being to produce the former in a more bluish 
tinge, similar to Turkey-red, whilst with dianisidine blue the 

endeavour is to improve its worst quality—the lack of fastness 
to perspiration. 

For red shades, the solution of 8-naphthol in caustic soda 
receives an addition of Turkey-red oil and sodium aluminate, or, 

in place of the latter, para soap PN; for blue, the adjuncts 
consist of ammonium ricinolate and sodium acetate, tragacanth 
being added in all other cases. The caustic soda employed for 
red must be puve, since this gives a dye less tinged with yellow 
and less liable to rub off. In the case of bluish reds, @-naphthol 
is replaced by naphthol R, and for blue to stand the influence 
of perspiration, naphthol D. 

After the pieces have been padded with the preparation, they 
are dried, as thoroughly as possible, in the hot flue at a temperature 
of 60° C.; the better the drying, the fuller the resulting colour 
and the lower the tendency to rub off, though the use of high 
temperatures must be avoided or the naphthol will be vaporised. 
The goods cannot be treated with the preparation long in advance, 
but must be further treated as soon as possible afterwards—at any- 
rate during the same day,—or partial hrowning may ensue. 

The stability of the preparation can also be improved by the 
addition of an antimony salt dissolved in glycerine (Lauber & 
Caberti’s patent); and a preparation of this kind is met with in 
commerce under the name of naphthol LC. Probably other 
alkaline reducing agents would also have the same effect. 

In preparing the diazo solution of the amine for the developing 
bath, the amine is generally dissolved in hot hydrochloric acid 
and water, then cooled with cold water and mixed with a solution 

of sodium nitrite, accompanied with lumps of ice. The nitrous 
acid of the sodium nitrite is liberated by the excess of hydrochloric 
acid, and converts the amine into the corresponding diazo compound. 
Ten minutes, or even longer in some cases, should be allowed for 
the completion of diazotisation ; the liquid is then filtered, and the 
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hydrochloric acid, which would retard the coupling process, is 
neutralised by the addition of a cold solution of sodium acetate 
immediately before use. 

In so far as the diazo solution contains an excess of free 
mineral acid, it is fairly stable, and can also be prepared without 
ice. After the addition of sodium acetate, however, it becomes 

readily decomposible. 
For some browns, tragacanth is added to the developing bath ; 

and for dianisidine blue a solution of copper chloride is added 
in addition to tragacanth and wheaten flour, the colour being 
thereby rendered greener and faster to light. According to the 
recipe of the Hoechst Farbwerke, chromic acid should be added 
as well, in order to improve the fastness to perspiration and 
brighten the colour. 

To produce the azo dye on the fibre the fabric, prepared with 
naphthol, is passed more or less slowly through the developing 
bath, and then either led direct into water, or else carried through 

the air for some distance, in order to allow sufficient time for 

the completion of the coupling process, which varies with the 
different dyes ; sometimes the goods must be left as long as a quarter 
of an hour before washing. The dianisidine and azophore blues 
furnish brighter colours, of more greenish tinge, when the develop- 
ment is performed in two baths, in which case the second bath 
contains only the sodium acetate required for neutralising the 
hydrochloric acid. A passage through the Mather and Platt 
apparatus is particularly desirable for the full development of 
these colours, this treatment also making them greener in shade 
and faster to perspiration. 

The rapid oxidation apparatus of Mather and Platt, or, as it 
is generally termed for short, “the Mather and Platt,” is a con- 
tinuous steaming apparatus, and is largely used in calico-printing. 
In the view of this apparatus shown in Fig. 27, @ is an iron case 

of circular or quadrangular section, through which the goods 2, from 
h, are passed over stretching rods #, J, and guide rollers n, 0, in 
an ascending and descending direction, by means of the two sets 
of rotating rollers 6, 6,, and are finally discharged through the 
same aperture above the rollers p, g, to be laid on the table az, 
by the folding device u,v, w. The rate at which the goods are 
moved forward is usually regulated so that they remain in the 
apparatus about one minute. 

Other details represented in the figure are—1, the steam admis- 
sion valve; y, the perforated steam-pipe; z, a false bottom; 2, the 

waste steam valve; g, a small steam-engine; h, a belt pulley; 7, 
a fly-wheel; and d, a belt pulley, with the speed gear o. 

13 
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The copper pipes situated at the inlet and outlet aperture for 
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ae 

the goods are also heated with steam, to prevent wet stains arising 

from condensation. 

The final operation in all these dyeings is a soaping at 60° C.; 
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in the case of reds an addition® of soda is advisable at this stage, 
to give the colour a more bluish tinge. 

The dyeing of nitrosamine red is performed in a somewhat 
different manner, by reason of its constitution, both the components 
being brought on the fibre at the same time by entering the goods 
in an alkaline solution of @-naphthol, nitrosamine, tragacanth, and 

Turkey-red oil. They are then immediately dried, and left for 
fourteen hours for the colour to develop. 

Sundry practical difficulties are encountered in the dyeing of 
yarns with ice dyes, but these have mostly been overcome, especially 
in the case of nitraniline red. 

Aniline black is the handsomest and fastest black for cotton, 

and has been the subject of more research and description than 
probably any other dye. It is applied to unbleached raw cotton, 
and can also be dyed on dressed cotton, the advantage of this latter 
process being that the colour is brighter through not being covered 
over by the dressing. 

Aniline black is produced by the oxidation of an aniline salt 
in two different ways, and we therefore havé oxidation black and 
single-bath aniline black. The former and older method was first 
applied to calico-printing and afterwards transferred to the dyeing 
industry. The material is padded with a solution containing an 
aniline salt and oxidising agent, sal ammoniac (as hygroscopic), and 
generally also a carrier of oxygen, after which it is dried, the black 
being then developed by warm hanging or steaming, chroming, and 
soaping. The aniline salt generally used is aniline chloride, which 
should be as pure and free from toluidine as possible. The quantity 
employed in practice varies very considerably, the average being 
about 100 parts, by weight, per 1000, although a_ useful 
quantity can be obtained with 80 parts. The oxidising agent 
consists of sodium- or potassium-chlorate or a mixture of the two. 
In the different recipes employed in practice the average ratio 
between the chlorate (reckoned as sodium chlorate) to the aniline 
chloride is as 0'4:1°0. The oxygen carrier employed is a 
solution of vanadium or precipitated copper sulphide. Vanadium 
can be replaced by cerium, which is said to give the finest black. 
The preparation may be made by dissociating the cheap mineral 
cerite with sulphuric acid. The vanadium solution is prepared by 
dissolving 20 grms. of commercial ammonium metavanadate in 
100 ec. of hydrochloric acid and 200 cc. of water, warming along 
with commercial bisulphite until blue coloration and complete 
solution occur, and then diluting to 20 litres (45 gals.). This 
solution will then contain 1 part per 1000, by weight, of am- 
monium vanadate as chlorate (H. Schmidt). 
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The copper sulphide is prepared as follows:—11 lb. of 
flowers of sulphur are well mixed with 44 gals. of 36° B. 
caustic soda and left for a few days until completely dissolved, 
gentle heat being applied if necessary; on the other hand, 53 lb. 
of copper sulphate are dissolved in 55 gals. of water and added 
to the above solution of sodium sulphide, the precipitate being 
collected on a flat linen filter and well washed with hot water. 
The precipitation should not be effected from a concentrated solu- 
tion, or the sulphide will go down as coarse granules, enveloping 
a portion of the copper sulphate solution, which would then rapidly 
decompose the padding solution (Kielmeyer). The copper sulphide 
paste must be protected from air by covering it with a little 
ammonium sulphide; should oxidation nevertheless occur, the 
sulphide must be placed on a filter and washed with ammonium 
sulphide and water. — 

The quantity of oxygen carrier required depends on the amount 
of aniline and oxidising agent employed, and also on the way in 
which the development is effected; the more oxygen carrier taken 
the more rapidly does the colour develop. According to Witz, one 
part of vanadium chloride is sufficient to convert 200,000 parts of 
aniline salt into black; in practice, however, a larger proportion 
is taken: a few milligrams per litre of padding solution. The 
copper sulphide paste, which is about 30 per cent. strength, is 
used in the proportion of about 10 grms. per litre (1 per cent.). 
The action of the vanadium is explained by assuming the formation 
of a readily decomposible chlorate—that of the copper sulphide by 
the formation of copper sulphate. 

To prepare the padding solution, each of the above-named 
ingredients is dissolved separately in water (the copper sulphide 
used being merely stirred up in water), and the resulting solutions 
mixed in a cold state; the oxygen carrier must not be added until 
just before use. If copper sulphide be taken, the solution must 
contain some thickening ingredients, otherwise a sediment would be 
formed. The material to be dyed is then padded with a prepared 
solution, dried at the ordinary temperature, and, in order to start 

the oxidation, is then either passed through a Mather and Platt at a 
rate of about 60-100 yards a minute, or left for about two days in 
a slightly humid oxidising chamber at 25-30°C. Nowadays the 
former method is most in use; the other required some skill to 
carry out properly. 

The pieces placed in the oxidising chamber must be neither too 
dry nor too damp, since in the former case the colour develops 
badly and gives a dull brownish black, and, in the other case, 
development goes on too quickly. The development of the black is 
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retarded by draught or by too long a sojourn in the cold chamber, 
the reason for. this being a partial volatilisation of the aniline and 
erystallising of the chlorate so that it can no longer oxidise. The 
piece turns a progressively darker green in the chamber owing to 
the formation of emeraldine, and when this shade has reached a 

certain intensity, further sojourn in the chamber is dangerous, the 
acid from the aniline salt rotting the fibre. On removing the 
pieces from the chamber the colour is developed by chroming, after 
which they are washed and finally soaped hot. - 

Chroming is effected in various ways, the amount of chromate 
used ranging from one-fifth to ten grams per litre, in direct relation 
to the depth of black required. Chroming may be performed in an 
acid or in an alkaline solution. In the former case the average 
proportion is one molecule of sulphuric acid to one molecule of 
potassium bichromate, the material being treated in this solution 
for about ten minutes at 80°C., or it is treated in a similar fashion 

(sometimes in the cold) in a solution of chromate rendered alkaline 
by soda, in which latter event a subsequent soaping is advantageous, 
though not essential. A good oxidation black can also be produced 
in the following manner without any oxygen carrier:—The goods 
are padded in a solution containing 6 per cent. of aniline oil, 6 per 
cent. of hydrochloric acid, 2 per cent. of copper sulphate, 2 per 
cent. of potassium chlorate, and 2 per cent. of sal ammoniac (these 
quantities being reckoned on the weight of cotton to be dyed), then 
dried, and developed in the oxidising chamber at a temperature 
not above 27° C., chromed, oiled, dried, and washed. In the introduc- 
tion of anaes black in yarn-dyeing, considerable difficulties had to 

be overcome ; in particular, uniform oxidation in the warm chamber 
only became possible upon the construction of special reels on which 
the spread-out yarn is caused to rotate. Even now only a few 
works are fitted up for dyeing yarn in this manner, and for ie 
ducing the so-called diamond black. 

There are two disadvantages attending on oxidation black; in 

the first place, the hydrochloric acid of the aniline salt always 
more or less strongly corrodes the cotton fibre, and, where the work 
is carelessly done, this may extend to a complete rotting of the 
goods. The second drawback is that the colour turns green after 
a short time. This change on the part of aniline black apparently 
results from the formation of emeraldine by reduction, and is the 
more retarded the deeper the black. An absolutely unchangeable 
black does not exist. Frequently, in order to improve the colour 
and mask the change to green, the black is topped with methyl 

_ violet. Oxidation black is also produced on any silk goods in just 
the same way as on cotton, and is generally topped with methylene 
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blue. Considerable advance in this branch has lately resulted from 
the introduction of the so-called Prudhomme’s black. The modus 
operands is similar to the later methods, except that potassium 
ferrocyanide is added to the padding solution. This salt reacts on 
the aniline chloride, forming aniline ferrocyanide and potassium 
chloride. It differs from the above-described oxidation black, 

inasmuch as the fibre is not corroded, the hydrochloric acid being 
combined with potassium, and that the development of the dye pro- 
ceeds more gradually: a great advantage in the production of printed 
goods. The quantity of potassium ferrocyanide depends chiefly on 
the amount of aniline, the average being about 50 grms. per litre 
(5 per cent. by weight) of padding solution; no oxygen carrier is 
required. The goods are first padded, then dried in a current of 
hot air by passing through a small chamber, and finally developed 
as in the older processes. 

Single-Bath Aniline Black has long been largely used for 
dyeing loose cotton and yarns, and more recently extended to 
cotton in warps. 

As the name implies, the dye is produced by dyeing the cotton 
in a single bath; this contains aniline chloride, potassium bi- 
chromate, and .hydrochloric acid. Some dyers use, instead of 
hydrochloric, sulphuric acid, or a mixture of the two; and hydro- 
fluoric acid has also been proposed for this purpose (Thiess & Cleff). 
Others again replace a portion of the chromate by copper sulphate. 

The proportions of these reagents vary within wide limits. 
As far as the aniline salt is concerned, the quantity depends 

entirely on the depth of black required, and therefore is limited 
by consideration of expense. In practice, for this reason, not more 
than about 11 per cent. of aniline salt or 8 per cent. of aniline oil 
can be used; even with 8 per cent. of the salt a very good black 
can be obtained. The average quantity of bichromate is from 1:3 
to 1°6 parts per part of aniline salt. Finally, the quantity of acid 
used differs so considerably in the various recipes that no average 
figures can be given. Nevertheless, it is irrational to employ more 
than 12 per cent. of hydrochloric acid; and 8 to 10 per cent. 
would generally be sufficient. 

The dyeing process is performed as follows:—The ingredients 
are dissolved separately, and mixed in a perfectly cold state just 
before use. The dye-bath should be as cool as possible, and used 
in a wooden vessel, the time of exposure being two to two and a 
half hours. The black will be less likely to rub off if the acid be 
added in several portions, and not all at once. The cotton is at 
first coloured green, then blue, and finally black. In order to 

better utilise the bath, the temperature may be raised to about 
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60° C. during the last half-hour. The more concentrated the bath 
the quicker will the colour develop. 

The chief point in this method is to secure the development of 
the aniline as far as possible in and upon the fibre, and as little 
as may be in the bath, since the black deposited in the bath 
adheres only loosely to the cotton, and easily rubs off. A good 
aniline black bath should therefore remain clear as long as possible, 
although, towards the end of the operation, a deposit is always 
formed in the bath. 

On leaving the bath, the black is of an ugly brown shade, and 
must be improved by topping with logwood and hot soap. The 
logwood is fixed by the chrome deposited on the cotton whilst in the 
dye-bath. 

All single-bath aniline blacks have a more or less pronounced 
tendency to rub off; they are, however, faster to acid than oxida- 
tion black, and do not corrode the fibre. The rubbing-off may be 
considerably diminished by careful washing, preferably in running 
water after dyeing. Finally, mention may be made of two modi- 
fications of this process. In the one, the single-bath black is 
produced in a warm bath containing less aniline than usual (about 
8 grams per litre); the black, however, easily rubs off, and conse- 
quently this method is very seldom used. On the other hand, 
black is still produced on loose cotton by impregnating the material 
with a concentrated black bath, and then developing the colour 
by steaming. No advantageous method has yet been devised for 
recovering the chrome from the spent black baths. 

Of the mineral dyes developed on the fibre the following alone 
are of any practical importance :—Manganese bistre, iron chamois, 
Berlin blue, chrome yellow, and orange chrome. 

Manganese bistre is largely employed in calico-printing, on 
account of its fastness and the ease with which it is discharged. 
The goods are first padded with a solution of manganous chloride 
that has previously, to a slight extent, been converted into acetate 
by the addition of a little lead acetate. The concentration of the 
manganese solution is naturally in direct ratio to the depth of 
brown to be produced. Next, they are passed through boiling 
caustic soda of about 17° B. strength; then exposed to the air by 
passing over guide rollers, and, in the case of dark shades, returned 
to the soda bath. Finally, to ensure complete oxidation, they are 
treated in a hot bath containing about 14 part, by weight, of 
potassium bichromate per 1000, and then washed. 

Very good results can also be obtained with manganous chloride 
alone, or another organic salt of manganese instead of the acetate, 
though it is advisable, to secure equalisation of the colour, that part 



200 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

at least of the manganese should be in the form of acetate.. The 
soda solution should be causticised beforehand with lime, since, if it 

contain carbonate, there will be formed on the material, in addition 

to manganese hydroxide, manganese carbonate, which is less easily 
oxidised and may give rise to irregularities in the colour. For 
light brown, the alkali may be weaker than that mentioned above. 
The padding with hot lye is effected in a steam-heated apparatus. 
In some works the final oxidation is performed with sodium hypo- 
chlorite, in the cold, instead of with bichromate. 

Iron chamois is only sensitive to acids, being in other respects 
a very fast dye. The iron salt used is the so-called iron nitrate, 
or iron acetate, prepared from ferrous sulphate and lead acetate 
by double decomposition, the displacement of the sulphuric acid of 
the iron salt by the acetic acid being, however, incomplete. The 
cheaper iron pyrolignite is not so suitable in this case, its tarry 
impurities muddying the colour. 

Even ferrous sulphate does not give good results. The shade 
of the chamois can be modified by adding aluminium acetate to the 
iron solution. The method of dyeing is as follows :—The goods are 
padded with the iron solution, dried, then left twenty-four hours 
in the warm oxidation chamber, and afterwards treated, for the 

precipitation of the hydroxide, in a hot (80° C.) bath, containing 
about 1 per cent. by weight of chalk and 0°3 per cent. of water 
glass (sodium silicate). Finally, they are washed, dried, and sub- 
jected to steam chemicking (see Calico-Printing), which gives the 
colour a more agreeable tone. 

This method, however, is confined to the production of discharge 
effects in calico-printing, the following being that pursued generally 
in cotton-dyeing:—The goods are passed in succession through an 
iron bath, a lime bath, and a chemicking bath containing “ chloride 

of lime,” these baths being contained in vessels similar to those 
used for the dunging process. After each bath a good squeezing 
is given to remove the superfluous liquor, and finally the goods 
are washed. 

Berlin-blue is a bright colour, fast to acids and light, and is 
still used, though only to a limited extent. The goods are pre- 
pared by passing them first through a bath of sodium stannate 
and then through sulphuric acid, after which they are washed and 
passed alternately through an iron bath and one of potassium 
ferrocyanide, until the desired shade is attained. 

. Chrome yellow and orange chrome are still largely used, both 
on account of their rich bright tone and because they increase 
the weight of the goods. 

Chrome yellow is particularly fast to light, soap, and acids, 
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though it is turned reddish by alkalis, and brown (lead sulphide) 
by sulphuretted hydrogen. The same applies to orange chrome, 
except that this dye is unaffected by alkalis and is stained yellowish 
by acids. The behaviour of these two pigments towards acids and 
alkalis is due to their ready conversion one into the other, chrome 
yellow being transformed into the basic chromate (orange chrome) 
by alkalis, whilst the latter is reconverted into the yellow normal 
chromate by acids. Both pigments are poisonous. 

Chrome yellow is produced by depositing lead hydroxide or 
lead sulphate on the fibre, and then converting the compound 
into lead chromate by potassium bichromate. This is effected in 
different ways, especially as regards the fixing of the lead on the 
fibre. For instance, the goods are impregnated in a solution of 
lime, then treated in a solution of basic lead acetate, and then 

returned to the lime bath. Of course, a squeezing must be given 
after each immersion. The use of a basic salt of lead is explained 
by the chemical reactfon, whereby the lime fixes the acid of the 
lead salt and deposits the hydroxide of lead on the fibre. Other 
dyers impregnate with a solution of a lead salt, dry, and then 
pass through a cold solution of ammonia (1 part to 6 of water) 
for two minutes. Again, the material is padded with a solution 
of magnesium sulphate, then dried, padded with a solution of basic 
lead acetate, and then left at rest for the formation of lead sulphate 
on the fibre. In any case, a good washing is given after the lead 
treatment, and the goods are then immersed in a solution of 
potassium bichromate (5-6 parts per 1000) at 50° C. for half 
an hour, and finally washed. 

For the production of orange chrome, the chrome yellow 
generated on the fibre is “oranged” by treating the goods for 
half an hour in a boiling-hot bath containing 1 part, by weight, 
of lime per mil. 

The Albumin Dyes are used only in Calico-Printing, and will 
therefore be described under that heading. 

IV. Dyeing on a Manufacturing Scale. 

Textile fibres are dyed on a manufacturing scale in the condition 
of loose material, rove, yarn, and woven fabrics, the latter being 

the most usual practice on account of the greater convenience and 
cheapness, it being possible to handle a larger quantity at a time 
with a smaller expenditure of dye, owing to the more closely 
compressed condition of the fibres. Dyeing the loose material is 

the most expensive form of all, there being a greater consumption 
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of dye, and more waste during spinning and weaving, owing to the 
more extensive tearing of the fibres that have become more or 
less closely matted together in the dyeing. Finally, it must also 
be borne in mind that some dyes, especially those produced by 
the aid of tin mordants, increase the difficulties of the milling 
process. Consequently the dyeing of fibres in the loose state 
is practised only in the case of better class single-colour fabrics, 
parti-coloured goods with woven designs, or in the production of 
yarns and fabrics from mixed fibres. By mixing together a number 
of loose coloured fibres, and then willowing, carding, and spinning 
the mixture, a series of shades can be produced that give the 
finished fabric the appearance of a uniformly coloured product. 
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Fic. 28. 

In this manner, by an admixture of white fibres with others dyed 
with dark shades fast to light, a faster light shade can be obtained 
than is possible by dyeing the whole in the same shade. (See Fast- 
ness of Dyes to Light.) 

In dyeing loose fibres, perfectly soluble dyes and extracts alone 
are suitable. The vessels employed are generally hemispherical 
copper vats, the bath being heated by a steam coil under the 
perforated false bottom. Of late years there is a growing tendency 
to employ closed vessels, or open vats fitted with a circulation 
pump (Fig. 28). 

Worsted yarn is often dyed in the state of sliver, this condition 
being more suitable than that of loose wool. The sliver, having 
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been slightly oiled, must be cleansed before dyeing, for which 
purpose it is steeped awhile in a very dilute warm solution of 
soda, then rinsed, and dyed after winding in hank form like yarn. 
The work must be performed with great care, since the sliver is 
easily torn and readily felts; the bath must not be boiling hot, 

nor may the material be worked about too rapidly. The advantage 
of dyeing in this form 3 
rather in the state of yarn, 
is that any slight inequal- 
ities are unimportant, being 
eradicated during the sub- 
sequent spinning process. 
In order to protect the 
material, it is now largely 
the custom to dye the 
bobbins of sliver or carded 
fleece in dyeing machines, 
wherein a_ circulation of 
the bath liquor is main- 
tained by suction and pres- 
sure, thus forcing the liquor 
through the material. A 
typical form of this class 
of apparatus is the Ober- 
maier revolver shown in Fic. 29. 

Fig. 29. 

This machine consists of the vertical main cylinder a, around 
which are mounted in four horizontal rows a series of small 
cylinders 0, each containing a bobbin. At the junction of the 
bobbin cylinders with the main cylinder are a number of perfora- 
tions, and similar perforations are made in the lids, ¢, of the 

bobbin cylinders. In dyeing, the cylinder is placed above the 
discharge pipe e, in the dye-vat d (Fig. 30), and the pump is 
started. The liquor is first forced by the pump into the interior 
of the main cylinder a, thence through the perforations into the 
bobbin cylinders, where it traverses the material, and thence escapes 
into the dye-vat. When the tap g is closed, the liquor returns 
to the pump through the raised valve h, and the circulation begins 
anew; when the valve / is closed and the tap g opened, fresh 
dye liquor, mordant solution, or water can be run in through the 
pipe 2. 

The vat is heated by steam-pipes, and is emptied by the tap hd. 
This machine can be used for the various successive operations of 
damping, mordanting, dyeing, and washing, and also for drying 
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the material by means of hot air. It is advisable to add only 
one-half the requisite amount of dye at first, then take out the 
bobbins when the bath is nearly exhausted, and reverse them so 
that those formerly in the top row are now in the bottom, and 
so on, the bobbins being also turned end for end in the cylinders. 

When these mechanical dye-vats are used, the most soluble 
dyes should be selected, the materials should be as clean as possible, 
and the bobbins not too tightly wound. 

All fibres are dyed in the condition of yarn, and hap too, more 
often than the loose state. The general practice is to dye in 
hanks or in warps, and latterly it has become the custom to also 
dye in the form of cops, especially in the case of cotton yarn. 

Hank yarns are dyed in quadrangular wooden becks (Fig. 31), 
fitted with a false perforated bottom 6, underneath which is situated 
a steam coil d, admitting steam to the bath. When, however, the 

volume of the bath liquor must not be allowed to increase during 
dyeing—for instance, in dyeing cotton with substantive dyes—a closed 
steam-pipe is used. The feed steam-pipe ¢ must be separated by a 
wall ¢ from the material to be dyed. The method of dyeing is as 
follows :—The hanks, g, are first fastened together by intertwined 

strings to prevent tangling, and are then hung in rows on smooth 
rods /, arranged crosswise on the edge of the beck. At intervals 
the hanks must be turned, a row at a time, by passing a rod 
through the whole row, lifting it out of the liquor, and giving it 
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about a quarter turn. When it is desired to add more dye to the 
bath, the depending end of each row of hanks is laid over the 
adjoining rod. The movement of the bath liquor must not be more 
than a gentle undulation, in order to prevent tangling or felting 
in the case of woollen yarn. This defect is also minimised by 
reducing the period of exposure in the bath. 

This method of dyeing entails a good deal of hand labour, on 
which account numerous hank-dyeing machines have been con- 
structed wherein the yarn carriers are usually caused to rotate by 
means of toothed wheels, thus turning the yarn mechanically. 

For dyeing warps the yarn is conveyed alternately up and 
down over guide rollers, through several dye-vats in succession. 

Cop dyeing has numerous advantages. In the first place, the 
yarn is delivered from the spinning frame in this condition, which 
is the most suitable for weaving purposes, whereas, in order to dye 

Pico; 

the yarn in hanks, it must first be wound into hanks, then dyed, 
and afterwards rewound into cops, which naturally entails much 
labour and tends to increase breakage. To prevent all this, a large 
number of cop-dyeing machines have come into use, though only 
for cotton, the cop form being unsuitable for dyeing animal fibres 
owing to the less permeable character of these materials. 

_ Further advantages of these cop-dyeing machines are their 
higher working capacity, and the possibility of employing softer 
yarns, which therefore fill up the fabric better. 

Readily soluble dyes and simple methods of dyeing alone are 
suitable for this purpose. For the most part, substantive dyes, the 
indigo-hyposulphite method, and the Erban and Specht alizarine 
method, are employed. The difficulties of cop dyeing increase with 
the number of preparatory operations necessary to the dyeing, and 
consequently the basic and mordant dyes are little used. 
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Most of the cop-dyeing machines are based on the principle of 
forcing the dye liquor through the cops by suction or pressure. 
The chief thing is to secure equal dyeing, and for this purpose it is 
therefore necessary that the resistance to be encountered by the 
liquor should be uniform throughout, in order that it may penetrate 
equally through all parts of the cops. 

Of the numerous types of cop-dyeing machines, only that of 
Mommer (see Fig. 32) need be mentioned here. The principle of 
the apparatus is as follows :—The cops to be dyed are formed into 
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a block which presents the same resistance in every direction to the 
bath liquor. This block, a, is formed by placing together a number 
of frames in which the cops, mounted on heavy spindles, are 
arranged in parallel rows. Each frame then represents a porous 
wall of cops, through which the bath liquor can penetrate without 
difficulty. The block is placed between the two _ perforated 
partitions ¢ in the closed air-tight chamber 0, into which the 
bath liquor is forced by the pump e from the vat d, through the 
pipes f g, according to the way the taps / @ are set, so that the 
liquor traverses the block either from right to left or vice versa. 
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In the position of the taps as shown in the figure, the liquor passes 
through the tap /# into the chamber 0, traverses the block 8, and 
returns through the pipe & to the dye-vat d. The taps can also 
be set so that the liquor enters the chamber 0 through the pipe g 
and the tap 7, and, after traversing the block of cops ¢, escapes 
through the tap / and pipe / to the vat d. . 

Piece Dyeing.—The only time when this is a, disagreeable 
operation is when the goods are defective and dirty. Many defects 
do not reveal themselves until after the goods are dyed, especially 
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when the latter have to pass through a somewhat complex process 
of manufacture, as is the case with woollen cloth. 

In such cases stains appear in the form of cloudy patches or as 
dark selvedges in full-width dyeing, etc, and this most readily 
happens when small dye-vats are used, where the central portion of 
the piece is more compressed than the edges, which latter therefore 
absorb a larger quantity of dye. 

A vat wherein all the operations of piece dyeing, such as damp- 
ing, mordanting, and dyeing, can be performed in succession is 
shown in Fig. 33. In this apparatus heat is applied through a 
steam-pipe /, which is separated from the goods by a perforated 
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partition wall 6. ‘This smaller compartment also serves for the 
introduction of the added solution of dye. 

The pieces are sewn, end to end, in the form of an endless band, 

- and generally reeled like a hank. If to be dyed full width, the 
piece is kept spread out by the aid of a stick in the hand of an 
attendant whilst slowly passing through the dye. More frequently 
several sets of pieces are wound side by side on the same reel, 
and are kept separated by lattice partitions during their passage 
through the dye-vat, in order to prevent them from/ getting mixed 
on the reel. Cotton goods are dyed in the same/way, mostly in 
hank form. | / hing. 

A machine largely used for dyeing piece cottons is the jigger, 
Fig. 34. It consists of a simple wooden vat a, on to which are 
screwed the cast-iron uprights 
bc, supporting the wooden rollers 
de. The goods, which are wound 
on the roller e, are drawn through 
the dye-bath in the direction 
shown by the arrow, when d is 
set in motion, and are then 

wound up on the roller 7, which 
is mounted in a slotted bearing. 
The roller ¢ is fitted with a loaded 
brake in order to keep the goods 
at the proper tension. If the 
goods have to be passed through 
the bath for several hours in 
succession, they are wound on 

d at first instead of on f. On OOOO SOTO: 

motion being imparted to the Fic, 34, 

roller ¢ and the brake applied 
to d, the goods traverse the bath in the opposite direction, and are 
wound up one. The jigger is the best machine for dyeing piece 
cottons with substantive dyes or basic dyes. 

Before setting the dye-bath the water must be corrected or 
purified by boiling with soap or bran. The whole or a portion of the 
dye is then added. The usual method of dissolving the dye is to 
mix it into paste with a little hot or cold water and then suffuse it 
with a larger quantity of hot water, pass it through a linen filter, 
and run it into the vat; the undissolved residue is brought into 
solution by a further addition of water. As a rule, it is not 
advisable to place the solid dye-stuff in the vat. Distilled or 
condensed water should be used for dissolving dyes; in the case of 

basic dyes, a little acid facilitates solution, whilst ‘soda is often 
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useful as an adjunct in dissolving acid dyes. Dyes in paste form 
must be carefully stirred up with water. 

After dyeing, the goods are generally rinsed, to remove adherent 
impurities and dissolved dye. Loose materials are rinsed in rinsing 
machines; yarns in the hank are usually hand-washed in the dye- 
vat, the dye liquor being drawn off and replaced by fresh water. 
There are also yarn-washing machines, wherein the yarns are 
suspended from revolving rollers. Washing in running water is the 
most efficacious. Piece goods are washed on the reel; in the case 
ot fugitive dyes the pieces are passed full width through becks fitted 
with rollers. Owing to the multifarious character of the operation, 

it is impossible to go further into details. 
The dyed goods are drained in the hydro-extractor. Drying is 

-effected, in the case of loose material, in special forms of apparatus, 
frequently by the aid of hot air in carbonising machines. Yarns 
and piece goods are dried by hanging in warm chambers ; piece 
goods more frequently in revolving cylinders, stretching frames, and 
calendering machines, similar to those used in the finishing process. 

The Selection of Dye-Stuffs for Dyeing. 

The kind of dye-stuffs to use for producing a particular colour 
depends both on the nature of the fibre and on the form in which 
it is to be dyed, and finally also on the requirements exacted of the 
colour itself. 

Cheap dyes will be chosen for cheap goods, and dyes fast to 
light for goods that will have to be exposed to the light a good 
deal. In dyeing loose wool the prime consideration is fastness to 
milling on the part of the dye, whilst in dyeing yarn and piece 
goods the equalising properties must chiefly be borne in mind. In 
short, thé dyer must not only be in a position to produce a given 
shade of colour in dyeing, but he must also have an accurate know- 
ledge of the behaviour of the various dye-stuffs and their combina- 
tions towards the influence of light and the various other agencies 
(see Tests for Fastness) that may have to be encountered. 

Silk-Dyeing. 

Silk is dyed in the hank form almost exclusively, very rarely 
loose. Hand in hand with this operation goes that of loading, 
which is almost the more important of the two. 

It is only in exceptional instances that special requirements in 
respect of fastness are exacted of silk-dyeings. The dyes most 
suitable for the purposes of the silk-dyer are those enabling him to 
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produce all imaginable shades of colour in a rapid and easy manner, 
with perfect equalisation, the chief qualities being good capacity for 
equalisation and combination. In comparison with wool and cotton, 
the number of dyes employed is remarkably small, and these mostly 
belong to the group of acid dyes, the following being most in use :— 

Greens: acid green, malachite green. 
Yellows: quinoline yellow, citronine, azoflavine S; naphthol 

yellow and picric acid are often employed for shading in the 
brightening bath. 

Orange: orange II, 2R, ete. 
Brown: acid brown. 
Reds: Several ponceaus, roccelline, azocarmine, rhodamine, 

phloxine, primrose, Magdala-red. 
Violets: acid violet, methyl violet, violamine. 

Blues: alkali blue, marine blue, methyl blue, induline. 

Of these the most suitable for combination are citronine, 

orange II, roccelline, rhodamine, phloxine, methyl violet, methyl 
blue, and marine blue. 

Colours fast to water are obtained from citronine, roccelline, 

and marine blue, by solidification after dyeing. 
For colours to stand soap, the dyes most frequently used are 

a few alizarine reds (powder), alizarine orange, cceruleine, and 

galleine. | 
Black, the most important dye for silk, is obtained with log- 

wood only. 

Wool-Dyeing. 

Wool is dyed in the loose state, as sliver, yarn, and in the 

piece after weaving; sometimes also in two stages of manufacture, 
eg. by, vatting in the loose state and topping in the piece. 

Of all fibres wool is the hardest to damp, and is therefore best 
dyed at boiling-heat. Consequently, dyeing in the vat, an operation 
performed at medium temperatures, affords a very sharp test as to 
the capacity of any sample of wool for absorbing dyes. 

The chief dyeings for wool are blue, red, and black. A very 
large number of dyes, singly and in combination, are used, the most 
popular and suitable of which will now be described, without any 
claim being made to absolute completeness. 

Green.—A number of bright shades, bearing the name “ billiard 
green,’ are produced on woollen cloth. Formerly these were obtained 
from fustic, indigocarmine, and alum (in a single bath), but now- 
adays acid green is used exclusively, either alone or shaded with some 
yellow dye, such as naphthol yellow, quinoline yellow, fast yellow, 

or tartrazine, or by combinations of patent blue or indigocarmine 
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with one of the above yellow dyes. A particularly pure green is 
furnished by patent blue N and quinoline yellow. 

A brilliant green, fast to milling, is produced on yarn, by the 
use of milling yellow O (C.) and patent blue A (M.L.Br.); on loose 
wool with anthracene blue WG extra (B.A.S.F.) and alizarine 
yellow GGW (M.L.Br.). Unfortunately, however, the last-named 
excellent dye will not entirely resist the influence of carbonising. 

A series of dull olive green tones are produced by combinations 
of red, blue, and yellow, eg. with chromotrope, azo acid yellow, and 

patent blue; or with ponceaus, a yellow, and acid green; or, finally, 
with fustic and logwood. 

A very dark, almost black, fast green is obtained by dyeing the 
loose wool with fustic and alum, and then vatting. 

Yellow.—Bright shades of yellow are obtained with quinoline 
yellow, naphthol yellow, tartrazine, fast yellow, etc.; all these 
dyeings, however, are incapable of withstanding washing, and, 
except the two last named, are fugitive to light. They are em- 
ployed for equalising (trimmings for uniforms) and for many yarns. 
Faster dyeings are obtained by means of milling yellow O (C.) and 
with quercitron, or flavine, on zinc-alumina mordants. The two 

latter dyes reduce the: milling fastness of the wool. A beautiful 
yellow that will completely withstand carbonising can be produced 
by dyeing with alizarine yellow GGW (M.LBr.) and potassium 
bichromate in a single bath. 

Anthracene yellow C (C.) gives a very clear yellow, of greenish 
tinge, furnished by dyeing in an acid bath and then treating with 
chromium fluoride, the dye being less fast to milling when applied 
to previously mordanted wool. 

Dull greenish yellow colours are produced on loose wool by 
galloflavine, or cceruleine and fustic, on chrome mordant; on yarns 

and piece goods by an orange and an acid green. 
Orange is produced with one of the orange acid dyes, or with 

a ponceau and one of the yellow dyes already mentioned. For fast 
dyeings, cochineal and flavine are used on tin mordant; if duller 
shades are desired, flavine is replaced by quercitron, and a tin- 
alumina mordant is used. | 

Reds.—The chief shades of this important colour are scarlet 
and madder red (a duller brownish red). For fast scarlets use is 
made of cochineal on tin mordant; for fugitive kinds, the various 
ponceaus. Madder shades are also produced with ponceaus; faster 
kinds, with cloth red or alizarine. 

It should be mentioned that considerable divergence exists in 
the fastness of the various ponceaus, a circumstance still insuff- 
ciently known and appreciated in practice. Some of these dyes are 

= 
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just as fast to light as cochineal; but without exception their 
fastness to milling is not good, since all of them bleed into the 
white during that process, though even in this particular differences 
exist. All of them have a greater capacity for penetrating the 
fibre than cochineal—the palatine scarlets in particular. 

The fastest to light of all the ponceaus are the palatine 
scarlets (B.A.S.F.), the Victoria scarlets (M.L.Br.), brilliant ponceaus, 
ARS, 3R, 4R (C.), a few marks of brilliant croceine (C.), croceine 
scarlet R (By.), croceine 3B, RX (By.), ete. The palatine scarlets 
are identical with dyes sold under other names; palatine scarlet A, 
for example, being the same as Bayer’s cochineal scarlet PS and 
Cassella’s brilliant cochineal. Those furnishing the more bluish 
shades are ponceau B extra (M.L.Br.), scarlet B (By.), new red | 
5R (By.), a few B marks of brilliant croceine (C.), etc.; ponceau B 
extra, and scarlet B being the best as regards Save fastness. 
These two can be used for goods that are to be milled, but must 

then be dyed by the aid of tin chloride and potassium bitartrate ; 
and the milling must be conducted with care. Colours that will 
stand sulphur are furnished by, ¢g., ponceaus 2R, 3R, (M.L.Br.) 
and the cheap double ponceau 4R (By.). 

The best means of producing, on loose wool or yarns, colours 
that will not bleed into the white when milled, is by the employ- 
ment of a red substantive dye. The most suitable for this purpose 
is the excellent dye, delta purpurine (dyed with common salt and 
potash); also brilliant Congo R, fast diamine red, anthracene red, 

Hessian purple N, etc. Many of the substantive dyes, like delta 
purpurine, brilliant Congo R, fast diamine red, etc. are also fast to 
sulphur, an essential condition for goods that are to be sulphur- 
bleached. ; 

The fastest red on wool is produced by means of alizarine 
(powder) on a mordant of alumina, chrome, and tin. For a madder 
red these mordants are used in the following proportions :— 

Alum ‘ : ‘ . 12 per cent. 
Tin salt. , if ae 
Potassium bichromate ; 1 - 
Potassium bitartrate : : 4 es 
Oxalic acid 4 » (with water of about 20° 

of hardness). 

A colour of the same appearance can, it is true, be obtained 
with alumina and alizarine alone, but is not thoroughly fast to 
milling. 

Of course this by no means enue the list of red dyes applied 
in practice to wool, other shades (crimsons) resembling fuchsine, of 
a fugitive character, being produced on piece goods with fuchsine, 
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fast ones with fast acid violet A2R (M.L.Br.), or cheaper ones with 
azo acid fuchsine and similar dyes. 

Rose Red is applied only to woollen yarns and piece goods, the 
dyes used being cochineal, with tin mordant, rhodamine—and also 
other eosines, when the shade requires—chromotrope, ete. Diamine 

rose (C.) is also suitable for this purpose. 
Bordeaux is produced, as a dark shade, fast to milling, on loose 

wool and on yarn by means of alizarine and chrome mordant. 
This colour bleeds slightly, but can be improved in this respect by 
adding copper sulphate to the mordanting bath. In piece dyeing 
this colour is mostly obtained with aniline dyes, various fast reds— 
among which special mention is deserved by the extremely powerful 
fast red O (M.L.Br.)—also with Victoria rubine and others, the ~ 

shade being darkened, if necessary, with a blue dye, like cyanine or 
patent blue, or yellowed with an orange or an acid yellow. These 

red dyes are handsome and sufficiently fast to light, but do not 
equalise well. For this reason many dyers prefer to dye with a 
ponceau or chromotrope, and darken with a blue. 

A bright Bordeaux, very fast to light, can be obtained by the 
aid of fast acid violet A2R (M.L.Br.), chromotrope 2R, orange C, 

and a blue. at 
A Bordeaux that is faster than can be obtained from aniline 

dyes, and of a shade not obtainable with alizarine dyes, is furnished 
by mordanting with alum, tin salt, and potassium bitartrate, dyeing 
with cochineal and madder, and darkening with archil according 
to requirements. 

Blue.—This is perhaps the most important of wool colours, and 
is produced in a variety of ways. 

For medium and dark blues, indigo is the first dye to be con- 
sidered, because it furnishes the fastest dyeings, or the so-called 
“fast blues.” The wool is dyed in the vat both as loose wool, yarn, - 

and in the piece, though, owing to the difficulty of obtaining proper 
equalisation by this last means, it is a general custom to blue wool 
in its loose state. ‘“Semi-fast blue” is produced in two ways, the 
vat-blued pieces being either boiled with santal, or first mordanted 
with alum, copper sulphate, and bitartrate, and then dyed with log- 
wood, as already described. The blue obtained with the aid of 
sandars is much faster than that topped with logwood. Vat blue is 
also frequently topped with methy] violet or an aniline blue, to improve 
its brightness, or bottomed with azofuchsine (By.) to save indigo. 

Many medium and dark blues, for the most part on yarns and 
piece goods, are produced with blue alizarine dyes and chrome 
mordants ; of these, special mention may be made of anthracene 
blue WG extra (B.A.S.F.), on account of its beauty and cheapness, 
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“Wood blue,’ which is bright and fast to washing, though 

fugitive to light, is still largely produced on piece goods. 
Similar dyeings, of satisfactory fastness, are also extensively 

obtained with sulphone cyanine (By.)—which is characterised by 
great fastness in wear and its resemblance to indigo blue—and | 
naphthol blue (C.). So much, however, cannot be said of the various 
fast (induline) blues also in use, since most of them equalise badly, 
and, though fast to acid, are fugitive in the light. The recently 
introduced naphthazine blue (M.L.Br. and Dahl) is not very fast to 
light, but has the great advantage of not being affected by a aa 
in the goods. 

A number of blue dyeings, known under the names “navy 
blue,” “'Tegethoff blue,” etc., are most easily produced with acid 
violet and acid green, or faster with logwood, acid violet, iron and 
copper mordants, and oxalic acid, in a single bath. Indulines are 
also used in combination with logwood, by mordanting as for wood 
blue, and then dyeing. 

The so-called “potash blue,’ formerly produced with logwood 
and ferrocyanide, is now most frequently dyed with patent blue, 

acid violet, and a small quantity of orange. 
Bright light blue dyeings are produced—generally on yarns— 

with alkali blue, or the somewhat faster (to milling) alkali violet, 

whilst perfectly milling-fast blue is obtained by combining alkali 
violet and milling yellow O (C.). Lighter tones are preferably pro- 
duced with Victoria blue, or, if required somewhat greener, with 
patent blue, ete. 

A number of dull sale blue to grey shades, known as 
“pearl,” etc., are dyed with patent blue and an easily equalis- 
ing acid violet, and, if necessary, shaded with yellow; in the 
case of alizarine blue, anthracene brown, cceruleine, etc., are 

used for shading, the same dyes being used for shading after 
alizarine cyanines and chromium fluoride in a _ single bath; 
also by blueing in the hyposulphide vat, and topping with 
alizarine cyanines and chromium fluoride, with archil and indigo- 
carmine, etc. 

In these dyeings the imperfect fastness to light of alizarine 
blue is only apparent in the lighter shades; this dye can, how- 
ever, be replaced with advantage by patent blue, or the fairly light- 
and milling-fast fast acid blue R (M.L.Br.), notwithstanding its low 
equalising properties. To ensure fastness, however, the aid of the 
hyposulphite vat is essential. 

On loose wool a fast grey, of a shade unobtainable with 
alizarine dyes, is produced by blueing in the vat, topping with 
fustic and sumach, and darkening with iron. 
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Violet is met with either as very vivid violet or as purple. 
Bright, but fugitive, dyeings of this class are produced with methyl 
violet or acid violet; darker, duller, and faster shades with galleine, 

and the fastest of all with alizarine and alizarine blue on chrome 
mordant. 

So-called purples are most frequently produced, on piece goods, 
by topping vat blue with chromotrope or a ponceau, or with cochineal 
and alumina-tin mordant. These dyeings are also frequently pro- 
duced on yarns and piece goods with an acid violet or a good 

equalising red and blue dye. 
Drab.—This colour is obtained solely by the combination of 

red, blue, and yellow, a distinction being drawn between aniline drab, 

alizarine drab, and dye-wood drab, according to the class of dye used. 

Though deficient in fastness, the aniline drabs exhibit special 
advantages for piece dyeing, and play a great part in that branch. 
Their chief superiority consists in the ease with which the desired 
shade can be obtained, and in the possibility of dyeing in a per- 
fectly uniform manner goods that are impure or contain different 
wools, more satisfactorily than with alizarine or wood dyes. Only 
such dyes as equalise well are used for this purpose, most fre- 
quently the following:—-Chromotrope, 2R (M.L.Br.), azofuchsine 
(By.), azocarmine (B.A.S.F.), archil substitute N (C.), fast acid violet 
10B (By), azo yellow and allied yellows, various acid orange 
marks, fast yellow, tartrazine, quinoline yellow, various patent blues 
and cyanines, cyanol oes fast green, bluish (By.), wool green S 

(B.A.S.F.), ete. 
The following general remarks apply to these dyes :—The fastest 

to light are the reds, the yellows coming next, whilst the blues are 
far inferior in this respect. Chief among the reds, in point of 

fastness to light, are chromotrope and azofuchsine, the best in 
equalising power being azocarmine and (the fugitive) fast acid violet 
10B. Of the yellows, the fastest to light are fast yellow and 
tartrazine ; of the blues, cyanine, a few patent blue marks (A.V.N.), 

and cyanol. Tartrazine is the poorest equaliser, but is very pro- 
ductive and gives handsome colours, fast to light and water. Azo- 
fuchsine does not equalise well except at boiling-heat. 

Aniline drabs are liable to change their colour, more especially 
when the yellowing has been effected with an orange dye. The 
combination of chromotrope, cyanine or cyanol, and a yellow like 
azo yellow, least exhibits this tendency, and is also advantageous 
in other respects. Another peculiarity exhibited by light drabs is 
the phenomenon of “insolation,” whereby the yellow entirely dis- 
appears on exposure to strong light, and thus alters the shade 
completely. In the dark the original colour reappears. This 
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peculiarity is probably due to the fact that the goods become drier 
in the light, and is especially noticeable in the case of fast yellow 
and metaniline yellow. | 

The dye-woods (logwood, fustic, and redwood) are mainly 
employed for pale drabs dyed in the wool by the single-bath darken- 
ing method. In this case, aniline drab is too fugitive to be used, 
and alizarine drab is less easy to dye. For dark shades, wood drab 
is previously mordanted with chrome; but this is seldom practised, 
since the dye makes the fibre hard. Finally, alizarine drab is most 
frequently employed for fast drab in piece dyeing, and for dark 
drab shades dyed in the wool. It is produced by mordanting with 
chrome and dyeing with anthracene brown, shaded afterwards with 
other alizarine dyes, galloflavine, fustic, etc. 

For fast drabs, easy of production, more attention should be 
bestowed on chromogene (M.L.Br.); it is dyed in an acid bath, and 
afterwards treated with potassium bichromate. A drab that can be 
equally recommended, especially for yarns, can be produced, more 
simply and faster than with the above dyes, by the sulphone dyes 
(By.). 

Finally, brilliant alizarine cyanine 3G can be recommended for 
drabs and mode colours. It is applied in an acid bath, and gives 
much faster dyeings than those with blue dyes. 

Brown.—The chief part in this class of colours is played 
by anthracene brown, though in piece dyeing the production of 
wood brown, finished by darkening, is still largely practised. For 
the reasons named in connection with drab dyeings, the last-named 
dye is unsuitable for loose wool; it is, however, still used, though 

santal must be replaced by alizarine orange (eventually by alizarine 
red or cloth red). The same aniline dyes that are used for drab 
also find employment for brown-dyeing piece goods. 

Black.— For the production of this important colour, the 
following shades and dyes come under consideration :—Iron black, 
chrome black, single-bath logwood black, diamond black (By.), 
alizarine black (B.A.S.F.), also the acid blacks, naphthol black or 
brilliant black (C. and B.A.S.F.), naphthylamine black (C.), naphthyl 
blue-black (C.), anthracene acid black (C.), Victoria black (By.), 
wool black (Act. and By.), Biebrich patent black (Kalle), sulphone 
black (By.), chromotrope black (M.L.Br.), azo acid black (M.L.Br.), 
etc., alizarine cyanine black G, and alizarine blue-black B (By.) 
are too dear for black, though suitable for green. 

Logwood black, that at one time was almost the only black, 
has now been largely displaced by the artificial dye-stuffs. The 
black acid dyes, most of them fast to light, such as naphthol black, 
naphthylamine black, ete., owing to their simplicity of application, 
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and to the fact that the dyeing is not followed by careful washing, 
are largely used, especially for dyeing pieces containing fancy cotton 
threads that are intended to remain white after dyeing. However, 
with the exception of anthracene acid black, they are not sufficiently 
fast to milling, and many of them are used solely on account of 
their low price, cost being the deciding factor. The acid dyeings 
with anthracene acid black will stand careful milling without 
bleeding into the white. The blacks fixed with chrome mordants— 
alizarine black and diamond black—are fast to milling; moreover 
the first of them is the fastest towards acids of all the black dyes, 
though, on the other hand, its fastness to light is incomplete. Con- 
versely, diamond black is particularly fast to light. 

The logwood blacks differ considerably as regards their fastness 
to light, according to the method of production employed; chrome 
black is fast to acids, but not to light, though in this respect it is 
improved by the addition of copper sulphate ; iron black is specially 
fast to light, but very sensitive to acids. As a rule, the logwood | 
blacks have a great tendency to rub off. Iron black still remains 
the best black for wool, on account of its excellent equalising 
powers, covering power, aud fastness to light. In some instances 
it is impossible to dye dirty and nopped fabrics black except with 
logwood; and few of the above-mentioned dyes can equal it in 
fulness and beauty of colour. In the case of very dense shades, 

however, logwood gives a rather brownish black, and better results 

are furnished by naphthylamine black 4B. 
For loose wool and yarns, use is generally made of alizarine 

black, diamond black, and chrome black, since iron black makes | 

the fibre hard. On the other hand, acid dyeing blacks and iron 
black are chiefly used in piece dyeing. 

Cotton-Dyeing. 

Cotton is dyed in the loose condition, as yarn, warps, cops, 
and in the piece. In the case of this fibre it is a still more 
difficult task than with wool to give all the various dye-stuffs 
and combinations used, chiefly on account of the very large number 
of direct dyes now so extensively employed for cotton. Con- 
sequently the subject can only be treated in an indicative manner. 

In the first place, it should be mentioned that nearly every 
dyeing on cotton can be performed in three ways—with tannin 

dyes, with direct dyes, and with mordant dyes. 
Green.—This class of colours is produced with a basic green 

dye (brilliant green, malachite green, etc.), either alone or shaded 
with chrysoidine—or handsomer and faster with auramine,—or 
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with some blue, such as methylene blue, Nile blue, ete, and 

auramine. Of the direct dyes, the following can be combined 
to form bright but fugitive greens:—Thiazol yellow (By.), or 
thioflavine (C.), with diamine pure blue (C.), or benzo pure blue 
(By.). For medium shades diamine green (C.) has made its way 
into favour; the dyeings must, however, be brightened by topping 
with a basic green dye, the colours produced by diamine green 
alone being too dull. A fast bright green is furnished by quercitron 
and a basic green dye, mainly on piece goods. Different fast olive 
green shades can be obtained, chiefly on loose cotton, by the use of 

logwood and fustic or quercitron, with or without catechu and basic 
dyes. | 

Yellow.—Pure fast yellows are produced on cotton with 
quercitron and alumina mordants, on piece goods, but chiefly with 
chrome yellow in the case of yarns. Less fast, though still fairly 
so, are the colours produced with various yellow direct dyes, such 

as chrysamine (which is cheap, but not fast towards alkalis), 
chloramine yellow (By.), fast diamine yellow (C.), chrysophenine 
(By. Act.), diamine golden yellow (C.), Mikado yellow (Leonhardt), 
etc. Fugitive greenish yellow tones are furnished by thioflavine, 
thiazol yellow, ete.; faster shades with auramine. Brownish yellow 
shades, known as chamois, nankeen, ete., were formerly produced 

with fugitive basic dyes—chrysoidine, phosphine—but nowadays 
better with chrysamine and similar direct dyes. Iron chamois 
is the only one that is really fast. 

Orange.— <A perfectly fast orange is produced, chiefly on yarns, 
with orange chrome, and with alizarine orange on piece goods. 
Of the substantive orange dyes, Mikado orange and toluylene orange 
may be mentioned on account of their fastness. 

Red.—The fastest red on cotton is the Turkey-red produced by 
the old process, the so-called “old red.” The new red, chiefly 

produced on yarns and pieces, is also very fast, though not equal 
to the old red. In addition to the competitors of Turkey-red 
already given, the following may also be mentioned—fast diamine 
red (which is fast enough for many purposes), primuline red, 
which is fast to washing and is largely used in dyeing yarns, and 
the red produced with fuchsine or safranine, with or without 

auramine, 

Rose-Red.—The handsomest of these colours on cotton is that 
furnished by rhodamine and a fatty acid salt of alumina; the 
fastest by alizarine. When alizarine cannot be used, it may be 
replaced by erica (Act.), brilliant geranine (By.), diamine rose (C.), 
ete., all of which yield colours that will stand washing. | 

Bordeaux.— A fast Bordeaux is produced by combining alizarine 
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with methyl violet or rubine, or with alizarine, logwood, quercitron, 
and alumina-iron mordant, on piece goods: 

Colours of inferior fastness can be obtained both with direct 
dyes, e.g. primuline red and diamine black, as well as with tannin 
dyes, the best way, in the latter case, being by the combination of 

safranine with methylene blue and auramine. 
Blue.—Vat blue is the fastest and most esteemed blue for 

cotton, though the other dye-stuffs already mentioned as rivals 
of indigo (q¢.v.) are largely used. Fast, handsome, and pure blues 
can be produced with basic dyes, such as methylene blue. Finally, 
mention may also be made of Berlin-blue, which is a fast dye 
and one still used. 

Violet.—A perfectly fast colour is obtainable with alizarine on 
iron mordant, or with gallocyanine on chrome mordant. By itself 
the alizarine iron violet is too dull, and must be enlivened by 

topping with methyl violet. These colours are almost entirely 
confined to calico-printing and to dyeing in the piece. A brighter, 
and fairly fast imitation of alizarine violet is obtained by combining 
safranine with methylene blue, methylene violet, and similar dyes. 
Very bright and handsome, though fugitive, violet shades are 
furnished by the various methyl violet marks. Of the direct violet 
dyes the most important are benzo violet R (By.) and diamine 
violet (C.). 

Brown.—The most usual method of producing fast browns and 
drabs, chiefly on loose cottons and yarns, is with catechu, either 
alone or in conjunction with other dyes. These are often topped 
with Bismarck brown, to make them brighter. Fast browns on 
piece goods are also produced with manganese bistre and by 
combinations of alizarine, quercitron, and logwood. Finally, also, 
various direct brown dyes, chiefly diamine brown M, diamine bronze, 

toluylene brown, new toluylene brown, benzo chrome brown, and 

benzo brown, are employed, either alone or mixed, and either after- 
chromed or not. 

Grey is still most frequently produced by alternate immersion 
of the cotton in logwood and iron baths. These dyeings make the 
fibre hard, and have therefore been largely superseded by various 

marks of diamine black and similar direct dyes. 
Black.—This important colour is now mostly produced with 

aniline black, and to a lesser degree with logwood. Various direct 
dyes are also used in the black dyeing of loose cotton and yarns, 
eg. the different marks of diamine black (C.), direct deep black 
(By.), direct blue-black (By.), and Columbia black. Less esteemed 
are the blacks diazotised and developed on the fibre; various marks 
of diamine black (C.), diaminogene (C.), diazo black (By.), diazo 
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brilliant black (By.), Zambesi black (Act.). Of greater importance 
are the after-chromed blacks, various marks of diamond deep black 
(C.), benzo chrome black (By.), and Columbia chrome black (Act.) 
(a mixed black), which are fast to rubbing and crabbing (see 
Finishing), and are used to replace aniline black in dyeing half- 
woollen goods, the cotton yarn being dyed black, spun with white 
wool, and the wool topped in an acid bath after crabbing. 

Vidal black and fast black (B.A.S.F.) are also used for cotton. 
In point of fastness, beauty, and fulness of colour, aniline black 

is the best black for cotton. Logwood black is really only fast 
when produced by the aid of copper. Most of the substantive 
black dyes will stand washing, but their fastness to light leaves 
a good deal to be desired, and they have not the same beautiful 

full appearance as the aniline blacks. 

Ramie, Linen, and Hemp are dyed in the same way as cotton ; 
Jute is dyed with basic and acid dyes in a weak acid bath, either 
containing alum (2—5 per cent.), or oxalic acid (1—2 per cent.). 
The material is entered at 40° C., heated to boiling, and boiled 

for a half to three-quarters of an hour. 

Dyeing Mixed Fabrics. 

The term “mixed fabrics” implies fabrics composed of two or 
more different classes of fibres. Formerly these fabrics were dyed, 
in part or altogether, in the form of yarn, but nowadays they are 
dyed in the piece, by one of two methods, either to one colour, the 

different fibres being caused to absorb dyes of the same shade, or 
else “shot” effects are produced by dyeing the different fibres to 
widely different colours, the result being the more handsome in 
proportion as the two colours are complementary one of the other. 

The suitability of different dye-stuffs for dyeing mixed fabrics can 
be readily ascertained by dyeing small samples. In this connection 
it must be borne in mind that not only the nature of the different 
fibres present, but also their relative proportions in the mixture, 
is of importance. 

Dyeing Half-Woollen Goods (Wool and Cotton).—lIt is even 
now the practice occasionally to dye the cotton, in the yarn, with 
acid-resisting dyes, then weave it along with white woollen yarn, 
and dye the wool with acid dyes in the piece. For the most part, 
however, these goods are piece dyed, there being two methods of 
effecting this object; the older plan is to dye the wool in the 
fabric with acid dyes, which, of course, leave the cotton untouched, 

the latter being afterwards dyed on the jigger by the aid of tannin, 
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fixed with tartar emetic (and iron, if necessary) and followed by 
treating with a basic dye. In order to preserve the wool as much 
as possible from alteration, the latter process is carried out in the 
cold. The final bath may also be lukewarm, but as the wool always 

absorbs a little of the dye, the shade produced in the first dyeing 
should be rather lighter than that really required. In the case of 
two-colour effects the last dye bath must be cold. 

This method therefore entails the use of four baths; and the 
production of blacks is even more complicated, the cotton having 
first to be mordanted with iron by treating it with sumach, fixing 
with iron, and treating with chalk; the wool mordanted next by 
heating in a bath of potassium bichromate, free from acid (to 
prevent the iron being extracted from the cotton); and, finally, the 

whole is dyed with logwood. 

In the second method the half-woollen material is dyed with 
direct dyes in a bath containing 2 per cent., by weight, of Glauber 
salt. This process has the great advantage of simplicity, inasmuch 
as a black can be dyed ina single bath, eg. with half-wool black 
(C.), the only difficulty being in dyeing to pattern. 

The behaviour of the direct dyes towards wool and cotton is 
somewhat divergent, some of them enabling the two fibres to be 
dyed to an equal depth, whilst others dye the cotton only, and are 
therefore suitable for use in producing two-colour effects. As a 
rule, the following conditions obtain: in a boiling-hot bath the 
wool will take up the more dye and come out deeper in colour 
than the cotton, the converse being the case when a low tempera- 
ture is used. The addition of a small quantity of an alkali salt, 

like soda, reduces the absorption of the dye by wool; and, con- 
versely, the wool is dyed more strongly than the cotton when an 
acid bath is employed. 

The modus operandi is thus practically revealed. The goods 
are entered in the bath, which is then raised to boiling in about 
a half to three-quarters of an hour, and is kept on the boil until 
the colour of the wool is only a little lighter than it should be 
when finished. Steam is then turned off and dyeing continued in 
the cooling bath until the colour of the cotton appears deep enough. 
The after-darkening of the wool, which is nearly always necessary, 
is effected with acid dyes, whilst for the cotton, direct dyes are 
used, these drawing better on this fibre than on wool; or the dye 
may be caused to draw more to the cotton or the wool, as is found 
necessary, by making the bath liquor alkaline or acid. 

Dyeing Half-Silk Goods (Silk and Cotton).— There are 
two chief methods to be considered in dyeing, half-silks—(1) 
the silk is dyed first, with an acid dye, to a shade rather 
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lighter than actually required, next the cotton is treated with tannin, 
passed through a bath of tartar emetic, and cold-dyed as quickly 
as possible with basic dye in a fairly concentrated bath; (2) in this 
ease a first dyeing is given with a direct dye, after which the silk, 
which is generally too light, is darkened by entering in a bath of 
basic or acid dye. 

This second method has now attained a high degree of practical 
importance, and will therefore be described in detail. » 

A study of the behaviour of the various direct dyes towards 
silk reveals considerable divergences, which, nevertheless, can be 

classified according to certain laws. In the first place, some of 
these dyes have the property of dyeing silk and cotton in different 
tones, and these dyes are the least suitable of any for the purpose 
now in view. Their affinity towards the two fibres in question 
depends, in the first place, on their nature, and, secondly, on the 
constitution of the dye-bath—a greater affinity for cotton being 
exhibited in a neutral bath containing common salt, or in a weak 
alkaline bath, whereas in a weak acid bath the dye draws better on 
the silk. Some of the direct dyes—the reds, for instance—dye cotton 
and silk almost equally in an alkaline bath, which is charged. with 
5 per cent. of sodium phosphate, 5 per cent. of soap, and the 
necessary quantity of dye, the goods being entered lukewarm, then 
slowly raised to a temperature a little below boiling——not quite on 
the boil, or the silk would suffer—and, after turning off the steam, 
continuing to treat in the cooling bath for another half-hour 
or so. 

Many other direct dyes, especially such as dye cotton best in 
presence of common salt, can be advantageously employed to dye 
half-silks with common salt and acetic acid provided the foregoing 

precautions be borne in mind. 
The silk, which is generally rather too light in colour, can be 

brought up to the proper shade by entering the goods in a fresh 
bath containing basic dyes and a little acetic acid, at 30-40° C., 
or with acid dyes at a somewhat higher temperature, and with more 
acetic acid. 

_ For “shot” effects the goods are dyed either by the first-named 
method, or else first with a dye that attaches itself to the cotton 
alone, leaving the silk undyed, the latter being afterwards dyed in 
a fresh bath containing acid dyes. 

Dyeing Gloria (Wool and Silk) Fabrics.——This method of 
piece dyeing is of recent date, and is one of the most difficult 
tasks the dyer is called on to perform, since it entails an accu- 
rate knowledge of the behaviour of the dyes towards wool and 
silk. 

4 
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Here also, as in the case of half-silks, it may happen that the 
dye produces a different shade on the wool to that imparted to the 
silk, eg. azo acid fuchsine, fast acid red A (M.L.Br.), ete., which 

are therefore unsuitable for the purpose in view. 
The acid dyes are those most in use for this purpose, and these, 

as a rule, dye the wool more strongly than the silk when applied 
at boiling-heat, the converse being the case at low and medium 
temperatures. 

The following dyes act equally on wool and silk at boiling- 
heat :—Fast green, bluish mark (By.), patent blue, alkali blue, 
alkali violet, navy blue B (B.A.S.F.), acid violet 6 BN (By.), fast 

acid violet A2R and 10B (M.L.Br. and By.), Bengal-rose (dyed 
with acetic acid), anthracite black (C.), naphthylamine black D 
(C.), ete. The following have a rather stronger affinity for wool: 
light green S, wool green (B.A.S.F.); the acid orange dyes, like 
orange II; a few ponceaus, like palatine scarlet (B.A.S.F.), brilliant 
croceine (C.), ete. 

On the basis of their affinity for silk and wool, the acid dyes 
may be divided into three groups, those given above as having an 
almost identical affinity for both fibres being taken as the first 
group. To a second group belong such dyes as chiefly dye wool 
when applied at boiling-heat, eg. acid green, extra conc. (C.), 
tartrazine, orange G, a few ponceaus, as mark 2R (M.L.Br.), S. pat. 
(C.), indigocarmine cyanine (M.L.Br.), etc. Finally, the third 
group comprises the dyes having more affinity for silk than for 
wool at medium and low temperatures—azocarmine (B.A.S.F.), acid 
violet N (M.L.Br.), fast acid blue B (By.), water blue, ete.; as 
also the majority of the basic dyes, such as methyl green, auramine, 
rhodamine, etc. 

The best means of dyeing wool and silk to equal shades is by 
using the dyes of Group I., unless prevented by other reasons such 
as their equalising properties, suitability for combination, etc. The 
modus operandi is as follows:—The bath is set with about 10 per 
cent. of “ tartar preparation,” bisulphate, and one-half the necessary 
quantity of dye, the goods being then entered and the bath raised 
to boiling-heat as quickly as the equalising properties of the dye 
permit, boiling being continued until the wool appears sufficiently 
shaded. The silk will, as a rule, be less deep in colour; conse- 
quently, after cooling the bath down to 45—50° C., the rest of the 
dye is added, and the operation continued in the cooling bath until 

the silk has been properly dyed. If, however, this result fails to 
ensue, recourse must be had to a suitable dye of the third group. 
In this manner a light yellow may be obtained with azoflavine, 
which, however, turns dirty in dark shades; a dark yellow and 
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orange, with orange II; red, with azocarmine, magdala red, or a 
ponceau ; pale blue, with patent blue; dark blue, with acid violet 
6BN .and bluish fast green; black, with anthracite black, deepened 
with orange and a basic green at low temperature. For mode 
colours, use is preferably made of azocarmine, patent blue; and 
azoflavine. 

To produce “ shot ” effects; the following procedure is adopted :— 
The wool is dyed first with a dye of the second group, at. boiling- 
heat; the small amount of dye that has become fixed on the fibre 
of the silk is then removed by boiling with water, soap, or 
ammonium acetate, and the silk afterwards dyed in a third bath 
containing a dye of the third group, the bath being concentrated and 
cold, or, at most, lukewarm. Red, for instance, is produced on the 

wool by the aid of ponceau 2R, and the silk dyed green with 
methyl green and auramine; or the wool dyed green with acid 
green extra conc., the silk red with rhodamine, ete. 

The most beautiful effects can be produced in this way, but 
the following points must be borne in mind:—(1) The dyeings on 
the two fibres must be as nearly equal in intensity as possible, and 
complementary ; (2) the silk must be thoroughly freed from colour 
after the first dyeing; (3) the dyes employed in the third bath must 
have a low affinity for wool. These conditions, however, are rather 

difficult to carry out in practice, and, moreover, the three baths 
render the operation very troublesome; consequently, the general 
procedure is to first dye the wool with dyes of the second group, 
then cool the bath as much as possible, and dye the silk with dyes 
of the third class. 

V. SAMPLE DYEINGS; COLORIMETRIC DETERMINATIONS ; REACTIONS 

OF DYE-STUFFS ON THE FIBRE; TESTS FOR FASTNESS. 

Sample Dyeings and Colorimetric Determinations. 

The determination of the value of dyes is made by sample dye- 
ings or by means of the colorimeter, though in either case all that 
can be done is to effect a comparison between two or more samples 
of one and the same dye, or two or more very similar dyes. In 
both cases it must be borne in mind that minute differences in the 
intensity of two dyeings can only be detected in light shades. The 
greatest difficulty is encountered in examining yellows, and therefore 
in this case it is advisable to combine the dye in question with 
another dye of suitable character, e.g. a blue. 

Sample Dyeing consists in making comparative dyeings with 
two or more parcels or samples of one and the same dye under 
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closely identical conditions, and examining the resulting colours for 
their relative intensity, shade, and purity. With this object a small 
quantity, say 1 grm.; of each sample of dye is carefully weighed out 
and dissolved in 1 litre of water, each solution being then employed 
to dye equal weights of yarn in baths of otherwise identical 
constitution, and all under the same conditions of temperature. 
The best method of applying 
heat is to immerse the dye-baths 
in a heated strong brine. When 
mordant dyes are in question, 
the various samples of yarn 
must be mordanted beforehand 
in one and the same _ bath. 
Already during the process of 
dyeing it will be easily seen 
whether any considerable differ- 
ences exist between the various 
samples, and should this be the 
case the weaker bath must be 
strengthened by adding sufficient 
of the dye solution to bring the 
dyeings into a condition of B 
equality. It will also become 
apparent during the dyeing 
whether the dyes are homo- 
geneous or mixtures, since the “TAM 
different dyes never draw on 
to the fibre so uniformly and 
simultaneously as to render the 
detection of a mixture impos- 
sible. 

Se eee 

-- 
- 
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After dyeing, the samples See ra 

are washed, dried, and the re- ee a A 

sulting difference determined eae ae 
with reference to the amount sina Seay 
of dye consumed. At the same 
time it will have to be ascer- Fic. 35; 

tained whether, through unequal 
heating, the one bath has become more highly concentrated than 
the.other. Should this prove to be the case, the test must be 
repeated, since more dye is taken up from concentrated baths than 
from those more dilute. If the baths have been imperfectly 
exhausted, another dyeing with fresh yarn will give an idea of the 
quantity of dye left behind the first time. 

15 
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A simpler, quicker, and more accurate method is afforded by the 
colorimeter. Of the various types of this instrument, mention need 
only be made here to that of C. H. Wolff, the construction of which 
is based on the fact that light rays suffer a diminution in brightness 
in passing through a stratum of coloured liquid, the decrease being 
in proportion to the degree of concentration of the liquid, 2. the 
greater the quantity of dye in the liquid, the more will the ‘light be 
dimmed in passing therethrough. 

The accompanying sketch (Fig. 35) will facilitate auieasepeon of 

the Wolff colorimeter :— 
Band C are cubed cylinders into which the dye solutions are 

poured; A is a reflector; Da pair of prisms, which so unite the 
two bundles of light’rays in the field of vision of the lens # that 
the one-half of the circular field of vision corresponds to the light 
transmitted through the one prism, and’ the other half to the rays 
traversing the other prism. 

The two solutions for comparison, which must be very dilute, are 
placed in the respective cylinders and examined, the darker one being 
reduced in volume by drawing it off through the lateral tap until 
both sides of the field of vision appear of equal intensity of colour. 

Now the capacity of absorption for light is inversely pro- 
portional to the thickness of the absorbent layer traversed by the 
rays. Thus, for example, if to produce equal intensity in the two 
halves of the field it is necessary to reduce the one liquid to half 
the volume of the other liquid, then the absorptive capacity of the 
former will be double that of the latter. As, now, the absorptive 
capacity of a liquid for light depends directly on the degree of con- 
centration, then, by assuming the height of the two columns of 
liquid in the test cylinders as being represented by H H’, whilst the 
concentration of the liquids is expressed by C C’, we obtain the 
following simple relation :— 

Cis Cie ot 5 ad a Be 

The relative colour strength of the solutions under examination can 
be easily calculated by the aid of this proportion. 

In making a determination it is not advisable to confine the 
examination to a single test, but to make at least two, and repeat 

these after reversing the two cylinders, the arithmetical mean of the 
four tests being taken to express the result. 

Reactions of Dye-Stuffs on the Fibre. 

In practice it is frequently desirable to ascertain what dye has 
been employed to produce a given dyeng, and with this object the 
sample is cut into strips which are then subjected to the action of 
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various reagents, such as acids, alkalis, alcohol, etc., in order that 

some conclusion as to the nature of the dye can be drawn from the 
colour-changes ensuing therefrom. Owing to the large number of 
existing dyes this method is by no means easy, and, especially in the 
case of mixtures, is often only partially possible. For the assist- 
ance of the dyer, various tables, setting forth the necessary indica- 

tions, have been drawn up, eg. by Lehne and Rusterholz (Lehne’s 
Féarberzertung, 1890, pp. 186, 226, 260, 318, 388; 1891, pp. 

168, 276, 358; 1892, pp. 50, 198, 248, 332; 1893, pp. 216 
254, 350; 1894, p. 22) and by K. Schimke (Centralblatt f. Textil- 
industite, Berlin, 1892, pp. 6, 65, 108, 140, 198, 228). When, 

by the aid of these tables, the experimeter believes he has detected 
the dye used, he then makes a sample dyeing with the said dye-stuff 
on a similar fibre, and tests the resulting colour with the same 
reagents as before in order to ascertain the points of resemblance or 
difference. 

Testing the Fastness of Dyes. 

Fastness in dyes is a quality of equal importance with cost 
and colour, and a dye can only be considered as really fast when 
it proves capable of resisting for a sufficiently long time, without 
appreciable alteration, the influences to which it will be subjected 
in practical use. * 

It is not essential that a dye should be fast in every respect. 
For example, in the case of clothing, all that is required of a dye 
is that it will stand the various influences to which it will be 
exposed in wear; in the case of curtains, fastness to light is a 
prime essential; whilst the dye on underclothing, worn next the 
skin, must be able to withstand friction and perspiration. 

Tests for fastness, however, never furnish more than relative 

values, and consequently these tests are best made in comparison 
between. at least two dyes, or their dyeings, simultaneously—a 
necessary condition being that the dyeings in question shall be 
of as nearly equal intensity as possible. 

Fastness to Light implies the power of a dye to withstand 
the combined influence of light and air. The chemical reaction 
that goes on during the fading of a colour has not been minutely 
examined, all that is known being that, in the absence of air, the 
influence of light is considerably Ses 

The fastness to light of any given dye depends on several 
circumstances, 0.9. on the nature of the fibre, the method of fixing, 

and the intensity of the dyeing. Thus, dyeings on wool are 
mostly faster to light than those of the same dyes-on other fibres ; 
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whilst, in the case of logwood dyeings, the colour is faster when 
consisting of an iron or copper lake, the alumina and tin lakes 
being fugitive; the basic dyes are generally much faster to light 
when fixed with tannin or tartar emetic than with oleic acid, on 

cotton. Finally, as regards the intensity of the dyeing on the 
fastness to light, it is evident that a dark shade containing a 
larger quantity of dye will be able to stand the influence of light 
a far longer time than a light dyeing, not to mention that under 
the latter circumstances a slight change—especially of a qualitative 
nature—is more readily detected than in dark shades. Thus 
when, for example, a blue dye has the tendency to become greener 
in the light, this faculty may pass entirely unobserved in the case 
of dark shades, whereas in light shades it may result in a complete 
modification of the colour. — 

The manner in which a colour suffers alteration is therefore an 
important point; when it merely becomes paler, without losing its 
brightness and tint, it is decidedly faster to light than one that 
suffers a change of tone in the same time. 

In exposing dyeings to light, two other peculiarities become 
apparent: some dyes (¢.g. indigo) rapidly becoming lighter at first. 
and then remaining for a long: time without further change; others 
again (eg. picric acid, azo yellow, etc.) turn somewhat darker at 
first. | 

Two forms of apparatus have been constructed for testing the 
' fastness of dyes to light, that used by Oehler being arranged so 

that a collecting lens directs the concentrated rays of the sun in 
a vertical direction on to the material. The other apparatus, that 
of H. Perger, is illuminated by the electric light. In applying the 
test it has to be remembered that the intensity of the action exerted 
by the light depends on several circumstances—the time of year, 
climate, weather, and, finally, the manner in which the exposure 
is made; consequently the tests in all cases must be comparative, 
and made with at least two dyeings at the same time. When 
the fastness of a dye is known, this can be taken as a standard 
and used for comparing that of another exposed under the same 
conditions. The dyed samples are laid out flat on a sheet of strong 
paper, the one half of the sample being exposed, whilst the other 
half is covered over by a piece of cardboard, and, being thus pro- 
tected from light and air, serves for comparison. The samples are 
then exposed freely (not under glass) to the sunlight in a place 
where they are protected against dust and also against acid or 
alkaline fumes. The use of other sources of light, such as the 
electric light, gives different results, and therefore is not suitable 
for practical purposes. At the start the illuminated and protected 
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portions of the sample should be compared daily, and an incipient 
change in the colour must not lead to the abandonment of the 
test, it being necessary to further examine the progress of such 
change. Dyes that will stand exposure for a month in the summer 
without appreciable alteration may be considered as very fast to 
light. 

Fastness to Water, Washing, and Milling, implies the 

behaviour of dyes under the action of water or solutions of soap ; 
and the points to ascertain are whether the dye changes in colour 
or intensity, and if it bleeds into white or undyed fibre with which 
it is washed. The requirements exacted in this particular vary 
considerably, carpets, curtains, and upholstery stuffs for instance 

not being required to stand washing, as a rule; whereas yarns that 
are to be woven into pattern fabrics and then milled must remain 
entirely unchanged during that operation and exhibit no sign of 
bleeding. 

In testing a dye for its fastness to water,a sample of yarn 
dyed with the specimen under examination is plaited along with 
a piece of white yarn and left immersed in cold water all night. - 
To be quite fast, the dye must not dissolve in the water, and thus 
colour it, or bleed into the white yarn. In the case of woollen 
yarns this test is usually performed by boiling the sample in water 
for a quarter to half an hour. 

Fastness to Washing and Soap is tested by plaiting a sample 
of dyed yarn with white yarn and then treating them for a quarter 
to half an hour in a solution of soap (about 0°2 per cent.) first 
at 50-60° C. and then at 100° C. 

Fastness to Milling is required of woollen goods only, and is 
tested by subjecting the plait of white and dyed yarn to a rigorous 
milling by hand, with an alkaline soap, then washing and leaving 
to stand overnight in a rather wet condition. For the dye to be 
really fast, it is necessary that no staining of the white should 
occur, and also that the dyed sample remains free from alteration. 
The test will be still more severe if the sample be left for several 
hours in the soapy solution after milling. 

In testing wool-dyeings for Fastness to Acids, the sample is 
carbonised with sulphuric acid and then neutralised. Cotton-dye 
ings are regarded as- fast to acid when they will stand dyeing in 
an acid bath, as applied -to wool, without suffering any appreciable 
alteration of shade or bleeding into white wool. With this object 
the dyed cotton is boiled along with white wool in a bath containing 
4 per cent. of sulphuric acid and 10 per cent. of Glauber salt 
(calculated on the weight of the wool) for an hour * This test 
serves to determine whether a given dye is suitable for use on 
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cotton that is to be woven along with animal fibre which is after- 
wards to be dyed in an acid bath in the piece. 

Fastness to Perspiration is tested by immersing the sample 
for an hour, in association with white cotton and rods in a 24° B. 
solution of acetic acid at 40° C. 

Fastness to Bleach (chemicking) is tested only in the case of 
cotton, the dyed sample being steeped for an hour in a cold i Hae 25 

solution of bleaching powder. 
Fastness to Sulphur is a test applied solely to wool. The 

sample, plaited along with white yarn, is first soaped, squeezed, 
and then left for twelve hours in an atmosphere of sulphurous 
acid. | 

Sometimes, and especially in the case of wool-dyeings, a quick- 
lime test is imposed, the stuff being padded over with a pulp of 
slaked lime, left to dry, and examined for alteration after brushing 
off the lime. This test, as well as sprinkling the stuff with soda 
solution, followed by drying, is performed when information is 
desired as to the capacity of the dye for standing the influence of 

street mud. 
Fastness to Ironing and Steaming is tested by subjecting the 

dyed sample to hot ironing or drying on a surface of heated metal, 
and by steaming. The dye should either be quite free from altera- 
tion or else resume its original shade after a short exposure to the 
air. In applying these tests it must not be forgotten that the wool 
itself may assume a yellowish tinge under excessive steaming, the 

result being an apparent alteration of some colours—blue, for 
example. For the sake of comparison, it is therefore necessary to 
steam an undyed sample of the same material at the same time. 



CHAPTER V 

PRINTING? 

WHEREAS the object in dyeing is to secure uniform and complete 
coloration of the entire material of the fabric, the purpose of the 
printer is to apply the colouring matters only in certain parts and 
in a well-defined pattern; hence, printing may be regarded as local 
dyeing. Closely allied, however, as these two branches of the sub- 
ject may be, it follows from the nature of the case that the ways 
and means whereby their respective objects are secured must be 
very different. For instance, in dyeing, it is for the most part 
feasible to modify a dyed colour by the subsequent application of 
other dyes; but in printing this is not possible, and therefore all 
the materials employed must be carefully examined before use. 

For the application of dye to certain parts of a fabric, and 
according to a well-defined pattern, recourse must be had to an 
application unknown in the dyeing process, namely, a printing 
block or forme, by means of which it becomes feasible to print any 
dissolved dye upon the fabric. It is, however, evident that although 

the dissolved dye may be printed as a well-defined pattern on the 
fabric, the contour of the design would very soon lose its sharpness 
of outline, owing to the running of the solution; and to prevent 

. such an occurrence a further adjunct, rarely if ever used in dyeing, 
has to be called in aid, namely, an agglutinant, or thickening 
material, with which the colour is incorporated before application. 
Apart from this, the colour has to receive other additions, and 
also to be subjected to certain after-treatments, which will be dealt 
with later on. , 

Besides direct printing, there are other means whereby a coloured 
pattern can be produced in cloth-printing. Thus, if a fabric be 
printed over with substances that are impervious to liquids, and is 
then dyed, it follows that the dye will be fixed only on the unprinted 

1 The author is indebted for much of the information contained in this chapter to the 

handbooks on Calico-Printing by Lauber and Sansone, and the article on Printing, by 

Stork and Benade, in Karmarsch-Heerens’ Technical Dictionary, to which sources the 

reader is referred for points of detail, especially as regards the compounding of the 
printing materials. 

231 
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parts of the fabric, the printed portions being left white when the 
goods have been washed. This kind of printing, whereby white 
figures can be produced on a coloured ground, is known as “ reserve 
printing,” and the substances employed to protect the printed portions 
from the action of the dye are called “ reserves.” 

Again, it is possible to produce white figures on a dyed material 
by printing it over with substances that destroy or discharge the 
colour. This is the so-called “ discharge printing.” _ 

By the assistance of reserve and discharge printing it is possible 
to produce patterns in two ways: either a mordant is added to the 
reserve or discharge before printing, and the goods afterwards dyed, 
whereby the discharged or reserve portions become coloured because 
of the mordant there situated; or the reserve or discharge is incor- 
porated with a dye, and then printed. Finally, as a third method, 

- the fabric may be printed with a mordant, which is then fixed in a 
suitable manner, and the goods dyed, whereupon only the mordanted 
portions will retain the dye, leaving the rest white, the method 
being thus a combination of printing and dyeing. 

Historical.—From the very earliest times the peoples of the 
Orient have practised the art of cloth-printing; and although the 
work was performed in a highly primitive manner, the above- 
mentioned methods of producing coloured patterns would seem to 
have been known to them. 

The most primitive state of transition between dyeing and print- 
ing is found among the Chinese, who are known to produce coloured 
figures on cloth by hand painting. 

The true home of the cloth-printing industry, however, seems to 
be India, printing blocks for the production of coloured designs 
having been in use there from the most ancient times. Reserve 
printing must also be classed as an Indian invention; and to this 
type of product belongs the so-called “ Battik” goods that are still 
produced in Sumatra and Java, the design being drawn on the 
goods by the aid of a mixture of resin and wax, which are applied 
in a melted state, and, after solidification, form an impenetrable 

reserve, so that the parts thus covered remain undyed when the 
fabric is afterwards dyed (usually by vatting). On subsequently 
removing the reserve by hot water, there appears a white design on 
a coloured ground. | 

This method was first brought into Europe by the French, from 
their colonies in Eastern Asia, as the so-called “ porcelain-printing ” 
(white on blue ground). 

The first calico-printing factory on record was established at 
Richmond-on-Thames in 1676 by a French refugee; later on, works 
were started at Neuchatel (1689); in several German towns 
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—Auegsburg, Heidenheim-on-Brenz; at Sainte Suzanne, in France; in 
Austria (Biirgstein, Schwechat, Friedau, Kettenhof, Kosmanos), etc. 

At first hand-presses were’ employed, the design being deeply 
engraved on a copper plate, which the printer covered with colour 
by the aid of a brush, the excess being afterwards removed with 
a knife. When thus ready for printing, the plate was raised by 
the mechanism of the press, brought into contact with the material 
to receive the impression, and then returned to the pyst position, 
for re-inking. 

This method is cheap, and gives a sharp impression. It is still 
employed—in Switzerland, for example—generally for broad designs, 

and chiefly for silk kerchiefs. 
At a later period other machines were introduced, the most 
important being the Perrotine (invented by Perrot of Rouen, in 
1834), which can also be used as a multiple-colour machine. The 
“Hexe” press is still to be found in a few cloth-printing works. 
At present, however, the cylinder printing press, first introduced by 
Bell in 1785, is the most widely used of any. 

Hand Printing. 

The printing plates used must not be too large or too small, the 
former defect meaning excessive weight and trouble in handling, 
whilst in the other extreme the work takes too much time. 

The material for the plates must be durable and not easily 
warped, choice being therefore made of pear-, beech-, and box-wood, 
thin boards (about one inch) of which are glued on the back of 
similar boards of oak or beech, which in turn are backed by blocks 
of pine, the latter being recessed so as to hold better. The boards 
must be arranged so that the grain runs in different: directions, in 
order to minimise the tendency to warp. The under (free) side of 
the first piece of wood is planed smooth. 

To transmit the pattern to the block, the designer divides the 
pattern by horizontal and vertical lines, so as to include within the 
marked-off portion all the elements of the pattern, these lines being 
then transferred to the chalked block. The design is next traced 
with pencil and paper, the tracing being then laid face downwards 
on the marked block, and the reverse is rubbed over with a hard, 

smooth tool, the impression being afterwards touched up by hand. 
As each block can only be used to print one colour at a time, a 
separate block must be used for each differently coloured portion of 
the design. 

The tracing of the pattern is never so large as the block, and 
must therefore be transferred as many times as are necessary to 
cover the surface of the block. Where the repetition of a small 
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pattern is in question, a small model is often made, the impression 
being repeated on the block until the entire surface is covered. To 
ensure accuracy of position, use is made of register pins, which are 
placed on both sides of the printing block, and in applying the 
latter, care must be taken to see that the pins on the left side 
exactly coincide with the marks left by those on the right-hand 
side during the previous impression. In succeeding rows, the upper 
pins must register with the marks left by the lower pins. 

The design thus transmitted must be brought into relief by 
punching the wood with steel punches. Where the printing sur- 
faces are large, it is a frequent practice to merely punch the 
outlines and fill the intermediate space with felt, which substance 
absorbs the colour much more uniformly than wood and therefore 
prints better. 

Fine details cut on wood are liable to rapid wear, and are 
therefore generally done on copper or brass inlaid in the wood 
block. Frequently, however, the entire surface of the printing 
forme is of metal, the design being imparted by casting. For this 
purpose a perfectly dry block of lime-wood, cut crossways of the 
grain, is taken, and punched with the design, which in this case is 
hollowed out, the lighter details being burned out by means of 
heated steel dyes pressed against the wood until the impression 
has reached a certain depth. The contours of the larger and 
heavier parts of the design are cut. This done, the hollows are 
filled with pieces of brass so that the metal projects a few milli- 
metres above the surface of the block, and a molten alloy of tin, 
lead, and antimony is then applied, which envelops the brass and 
transmits sufficient heat to the depressions in the wood to carbonise 
the surface, which is thereby smoothed and deprived of the tendency 
to shrink. Thereupon the brass is removed, and the resulting 
wooden matrix or mould is used for making the cast. The casting is 
trimmed smooth with the file and nailed on to a wooden backing. 

Other appliances required for printing with the hand-press are 
a frame and ink-duct, the former consisting of a strong framework 
supporting a planed block of hardwood, the dimensions of which 
vary according to the class of work to be done,—a narrow block 
being needed for long fabrics, anda wide one for kerchiefs. This 
block is covered with a tightly stretched layer of flannel (printers’ 
blanket), serving as a soft backing for the goods. 

On one of the narrow ends of the frame is an arrangement 
supporting the roller from which the goods to be printed . are 
unwound. The goods issuing from the press are carried over guide 
rollers, either on the ceiling of the printed room or underneath the 

frame, for the purpose of drying the printed colour. 
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The ink-duct is a rectangular trough, about twenty inches long 
and wide, and ten inches deep, which is filled about half-full of starch 
paste, for the purpose of forming an elastic bed, upon which is laid 
a piece of oilcloth stretched on a frame into which fits a second 
frame carrying a stretched cloth, the colour being spread out on 

this last by the aid of a brush as evenly as possible. 
To begin printing, the end of the cloth is laid on the press 

table and marked with a ruler and pencil, to show where the block 
is to be applied the first time. The block is then brought into 
contact two or three times with the inking-pad, and then applied 
to the cloth, a few blows with the mallet forcing the colour into 

the material ; which done, the block is removed, re-inked, and applied 
again. In this second and all succeeding applications the block 
must be made to register by means of the aforesaid register pins, 
which should be situated in such a position that their impression, 
though visible to the printer, forms part of the coloured design. 

In multiple-colour printing, the work is begun with the block 
giving the most comprehensive idea of the whole design. 

In printing “squares,” the fabric is first divided by lines 
indicating the limits of each square. The blocks for this work are 
mostly arranged to print one quarter of the whole square. 

Some colours must be printed warm, for which purpose the 
inking-pad must be set on hot bricks or immersed in hot water. 
When readily oxidisable colours are used, they should be stored in 
the lower part of the inking-pad instead of the starch paste, and be 

covered over with a porous cloth. 
Unless the cloth be kept on the stretch whilst on the press 

table, it will shrink, both in length and breadth, in the drying, and 

thus prevent the last-applied colour registering with the previous 
ones. To obviate this difficulty the colours must be applied in 
succession as quickly as possible, or else the fabric is stretched in 
both directions after printing each colour. 

Full shades cannot be printed on thick fabrics by the hand- 
press. The method is specially suitable for the production of 
multiple-colour printings and for very wide goods, since to employ 
mechanical presses for these classes of work would necessitate the 
use of very complex or wide, and in either event very costly, 
machines. Hand printing is also superior to the machine-press, 
inasmuch as it does not dirty the white. 

The Perrotine Press. 

The Perrotine press is a machine for printing from cast-metal 
plates carrying the design in relief, and resembles the hand-press 
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in its points of superiority over the cylinder press. The number 
of colours, however, that can be printed in this press is limited, 
and it is now used to only a very small extent. A three-colour 
Perrotine press is shown, as a diagrammatic sketch, in Fig. 36. 

Here a@ is the backing cloth, forming an elastic support for the 
goods; 6 is a piece of unfinished cotton cloth, to keep the backing 
cloth from being dirtied by the printing colour; ¢ is the cloth to 
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be printed; /,, ho, hz; are the printing tables, furnishing the solid 
backing. The slides 7,, n., n,, which move in the direction of the 

arrows, and carry the block-holders 0,, 0,, 03, press the blocks p,, 7%, ps 
alternately against the inking pads q, 9, g3, Which themselves have 
a reciprocating motion at right angles to that of the blocks. At 
the moment the blocks are withdrawn from contact -with the 
printed surface, the pads are moved so as to pass by the pairs of 

/ 
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rollers 7, 7, 73, Which in their rotary motion take up the colour 
from the ducts s,, 5), 83, and pass it on to the pads, where it is 
smoothed level by the brushes 4, ¢,, ¢;. The slides next advance and 
press the blocks against the pads, then retreat, and, after the pads 
have been moved slightly to one side, again press the blocks on the 
pads. The impression then follows immediately, during which 
operation the pads are moved over the inking rollers. After each 
impression the backing cloth, intermediate cloth, and cloth to be 
printed are moved forward a distance corresponding to the exact 
breadth of the block, so that the goods are fully printed by the 
time they pass away from the third block. If desired, the advance 
of the goods can be stayed, and the movement of the printing 
mechanism continued, the impressions being in such case repeated 
in exactly the same place as often as required. 

The Cylinder Press. 

In the cylinder machine the impression is produced by means 
of engraved rollers, known as copper rollers, though they really 
consist of an alloy resembling bronze. They are in the form of a 
hollow cylinder, into which are forced a wedge and a steel spindle 
carrying a pinion by means of which the cylinder is set in motion. 

In this case, therefore, it is necessary for the goods to be 

pressed into the depressions of the cylinder, in order to take up 
the colour; hence a heavier pressure is needed than in the case of 
the hand-press, and the machine must be driven by power—a 
condition lying at the root of the high productivity of the cylinder 
press, and one that renders it the sole class of machine suitable 
for the production of printed goods on a large scale. This press 
exhibits the further advantages of giving a sharp impression and 
perfect register in the case of multiple-colour patterns. 

The cylinder press may be of either the single-colour or the 
multiple-colour type, and each press is driven by its own motor. 

A single-colour machine will print up to 180 pieces of 60—70 
yards each per diem of ten hours. With multiple-colour machines 
the working speed is much slower, a twelve-colour machine, for 
instance, only printing about forty pieces a day. 

Engraving the Printing Cylinders.—As already mentioned, 
the design is engraved on the cylinders. In order to hold the 
colour better on broad parts of the design, the surface th ere 
hatched with V-shaped channels, or punched with conical stipples. 

The engraving of the design is effected in various ways. The 
method apparently at first sight most suitable—namely, to trace the 
design on the surface, and then cut it out with the graver—is really 
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the one least in use, and then only employed for the outlines when 
the portions of the design to be engraved are so. large that they do 
not repeat, or only partly so. 

In all other cases, ze. when frequent repetitions of the same 
figures occur, a small steel roller is prepared, by means of which 
the pattern is pressed into the surface of the cylinder, the roller 
being in relief. 7 

The engraving of the cylinder is frequently effected by etching, 
either alone or in conjunction with the foregoing method. For this 
purpose the cylinder is coated over with asphalt lacquer, the lines 
of the pattern being then drawn in the asphalt so as to expose the 
underlying metal, after which the cylinder is immersed in dilute 
nitric acid, which etches out the exposed parts and leaves the 
design engraved on the metal. 

The sole decisive factor in the choice of methods is speed. 
Most frequently the work is done by the aid of a steel roller or 
“ molette,” on which the design is formed in relief by the following 
indirect process, the direct method being too difficult to attempt. 
For this purpose a steel cylinder of very good quality and suitable 
length is exposed to red heat for about twelve hours, embedded in 
a mixture of powdered charcoal and chalk, and placed in an iron 
box surrounded with loam. It is then covered with ashes and left 
to cool very slowly for two to three days, whereby the steel becomes 
soft, and is afterwards turned and polished to the exact size 
required, ze. until its peripheral measurement is equal to the width 
of the pattern. The next step is to clean it by scrubbing with lye, 
levigated chalk, and dissolved soap, followed by a short immersion 
in a dilute solution of copper sulphate, rinsing, and drying. To 
transfer the design to this cylinder, a tracing of so much of the 
pattern as will be printed of the one colour is made upon satin 
paper, rendered transparent by impregnation with a solution of gum 
dammar in turpentine, the tracing ink employed containing sodium 
sulphide. This tracing is wound on the cylinder, fastened thereon, 
and left for a quarter to half an hour, by which time the design 
will be developed by the formation of copper sulphide on the 
surface of the cylinder. The lines thus marked are cut with a 
steel graving tool shaped like a slightly bent prism of rhombic 
section and ground off a slant at the end, thus leaving the convex 
edge of the prism to terminate in a projecting point. After the 
outlines have been cut out the conical stipples are punched to a 
certain depth in a machine, then deepened by hand with a hammer 
and punch, and finally bored out. They must be set at equal 
distances apart, and in rows of uniform direction. The hatching 
is effected with double cutter gravers, the one cutting edge working 
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in the groove already formed, whereby perfect regularity in the 
position of the hatched lines is secured. Mostly, however, the 
hatching is produced by etching, the lines being drawn on the 
asphalted surface by means of a ruling machine. They must be 
always arranged spirally, and not parallel to the axis of the roller, 
or they would catch in the ink knife in the operation of printing. 
Cross hatching is generally employed. When the entire design is 
composed of hatchings or stipples, the rollers are termed padding 
rollers, the cloth being printed over its entire surface with a uniform 
layer of colour, and not in a figured pattern. 

The engraving of this roller is conducted under a magnifying 
glass, the roller being mounted so as to rotate on the graving frame. 
When the process is completed the roller is polished with fine- 
grained sandstone and oil, and is punched with a number of coarse 
stipples outside the limits of the design in order to prevent slipping 
during the subsequent pressure. It is then hardened by embedding 
it in spodium paste in the same box that was used for the softening 
treatment, heated to pale redness, and quickly plunged into cold 
water several times in succession. As the roller, if too hard, would 

be lable to spring under the subsequently applied pressure, it is 
tested with chisels of different degrees of hardness, and, if found too 
hard, is rendered a little milder by reheating. Finally it is scoured 
with loam and water, rinsed, and dried. 

To produce the actual stamping roller, with the design in relief, 
from this molette, a steel cylinder, the peripheral measurement of 
which is a multiple of the first one, is softened, the two being then 
pressed tightly together by the aid of screw clamps and set in rotary 
motion. During this operation, whereby the metal of the softened 
cylinder is forced into the depressions of the hard one,.the cylinder 
is strewn with a mixture of resin, fat, and wax. This mixture is 

also forced into the depressions of the matrix, and spreads thence 
over the raised portions of the patrix, so that when the latter is 
immersed in nitric acid only the unprotected parts are corroded by 
the acid, the result being to deepen the cuttings. The molettes 
are again clamped together and pressed, followed by another etching, 
the series of operations being repeated until the desired effect is 
completely produced. The stipples designed to prevent slipping are 
next cut away with hammer and chisel, and their place taken by 
shallow depressions serving the same purpose. 

The finished patrix should be a little thicker in the middle than 
at the ends, because the latter always wear away quicker, and for 
this purpose the ends are tapered off by a succession of etchings, 
commencing at the extremities, after which the roller is finally 
hardened. 
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This roller is now employed to transfer the pattern to the actual 
printing roller, which must be turned down so as to exactly cor- 
respond to a multiple of the molette, and is then mounted so as to 

rotate on its axis, clamped in contact with the molette roller, and 
set in motion, slowly at first, but more quickly afterwards, plenty 
of oil being applied. When the design has been cut all round 
the printing roller, the molette is shifted by a distance exactly 
corresponding to the length of the pattern, and clamped on again, 
the whole series of operations being repeated until the full working 
width of the printing roller has been treated. The projecting 
portions are then ground smooth, and the roller is cleaned. 

It being necessary that the ink should be removed as com- 
pletely as possible from the raised portions of the cylinder, the 
surface of the latter must be absolutely true, since the colour would 
otherwise collect in any irregularities—other than those of the 
‘pattern—and dirty the fabric. To produce this perfectly plain 
surface the cylinder is slightly etched with nitric acid and then 
lightly ground, which will reveal the projecting portions by the 
contrast between their smooth surface and the dulness resulting 
from the etching. These prominences are removed by etching, the 
hollows being lacquered over and the cylinder dipped in nitric acid. 
Finally, the whole cylinder is gently ground. Faulty engravings, 
as well as old patterns to be replaced by new ones, are removed 
entirely by grinding. 

Engraved designs can be produced on the molette or the print- 
ing cylinder entirely by etching. In the first-place, the design ‘is 
brought, by means of a camera obscura, in a five-fold state of 
magnification, on to a varnished zinc plate, and the details painted 
in their natural colours in order to facilitate recognition of the 
parts which are in association and have to be transferred to the 
same roller. The outlines are then punched out, their dimensions 
being diminished in a degree determined by experience, because of 
the tendency of the acid to enlarge them in the etching process. 
The reduction of the magnified design to its original dimensions 
in the course of transfer to the printing roller is effected by means 
of the pantograph, the stylus of which is moved over the outlines 
on the zine plate, whilst the diamond engraving point which marks 
the pattern on the lacquered printing cylinder has an amplitude of 
movement- only one-fifth that of the stylus. A sufficient number 
of these diamond points is provided to mark the pattern over the 
whole length of the printing roller at one operation. The roller is 
then etched in the usual manner, the lacquer washed off, and the 

etching gone over with the graving tool. 
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In printing on the cylinder machine the cloth suffers extension 
mainly in a longitudinal direction, the stretching progressing at 
each roller, so that on reaching the sixth roller it has attained about 
one-sixteenth of an inch,_ In order to counteract this tendency the 
rollers are made of different sizes (diameter) ; thus, in a four-colour 
machine, the first_roller_is_a little smaller than the second and 
third (which are equal), whilst the fourth and last are a little 
larger than the intermediate ones. The disadvantage of this method 
is that the serial order in which the rollers come into action 
is arbitrarily fixed beforehand. In _some works, rollers of equal 
diameter are used throughout, and the stretching i is counteracted_by 

special means, which, however, are not divulged by the users, 

Setting and Working a Single-Colour Cylinder Machine. 

The chief parts of the single-colour cylinder printing press 
(Fig. 37) are as follows: (a) the engraved printing cylinder; (0) the 
backing cylinder; (c) the ink-duct; (d) the inking roller; (¢) the 
scraper; (/) the heating or drying Rates 

In this figure the goods to be printed are indicated by g, the 
backing cloth by 3, dnd the intermediate cloth by 4. The path 
taken by the goods is shown by the arrows, the cloth being 
unwound from the roller k, passed between the printing and the 
backing cylinders, where it is printed, and then led alternately 
upwards and downwards between drying plates, or dried by circu- 
lating through an enclosed hot chamber (0), and finally delivered in 
folds at J. 

Successful printing depends on several points of detail, includ- 
ing chiefly——a properly compounded printing colour and well 
prepared printing cylinder being presupposed—the accurate working 
of the scraper. As already stated, this organ serves to scrape off 
the colour from all the unengraved parts of the cylinder. It con- 
sists of a thin steel blade which is pressed against the printing 
cylinder, in the direction of rotation of the latter, by means of a 

weighted lever placed on one side, and receives a reciprocating 
motion by the action of an eccentric rod actuating a bell-crank 

lever. The upper edge is ground sharp, though in some cases 
(e.g. striped patterns) a rounded edge is preferred. When acid 
colours are used, the scraper must be protected by a coating of 
varnish. In some cases a second or counter scraper is provided 
(m, Fig. 37), mounted in the opposite direction to the movement of 

the cylinder, its use being to remove any fine nap that has become 
separated from the fabric, and prevent the same from getting into 
the colour; this scraper is immovable. 

16 
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The backing or pressure cylinder serves as a solid abutment 
“To make this pressure elastic, the backing 
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cylinder is mounted in adjustable bearings, which can be moved up 
and down in grooves by the aid of a train of levers, the pressure_on 
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the printing cylinder being increased at will by weighting the 
levers. The necessary accurate parallelism of the two cylinders 
is secured by the aid of strong screws, and the elasticity of the 
pressure is increased _by covering the backing cylinder with several 
layers of tightly stretched printer’s blanket. The same object is 
effected by the backing cloth (7, Fig. 37), an endless cloth composed 
of several layers of stout cotton fabric fastened together with 
caoutchouc; in this case, as also in the blanket clothing the 
cylinder, all wrinkles must be entirely avoided. The intermediate 
cloth, which keeps the backing cloth from becoming stained by the 
printing colour, is of rough gassed cotton fabric, which after a 
while is cleansed by bleaching. It runs between the cloth to be 
printed and the backing cloth., After passing through the machine 
all three cloths are dried by being led between hot plates (7, Fig. 
37), which are generally placed in the rear of the machine; or by 
circulating through a closed hot chamber. The intermediate cloth 
is afterwards washed and used _ over again ; though a better way is 
to keep this cloth in continuous once washing it by passage 
through a water-trough and roller brushes, after leaving the press, 
and then drying it on a hot cylinder. 

In printing, the printing cylinder is set in motion by toothed 
gearing, and carries the backing cylinder round with it. A piece 
of the intermediate cloth is first passed between the cylinders, and 
the extra piece, attached to the cloth to be printed, is also passed 
through and fixed on to the guide bands leading to the drying 
apparatus. Both the goods and the intermediate must be quite 
straight, free from folds, and passed into the machine at a certain 
tension, which is attained by applying weights to the axes of the 
rollers on which these cloths are wound, in order to ensure uniform 

pressure against the bearings. 
The pull exerted by the two cylinders on the goods and_inter- 

mediate cloth in order to unwind them from their respective rollers — 
must never be so great as to damage the fabric, and should remain 
as uniform as possible during the operation of printing—an object 
attained by the aforesaid weighting. 

- The task of the printer consists in watching the fabric as it 
passes through the machine, so as to immediately detect any defects 
in the printing. This is arduous work, and requires the aid of a 
good light to perform successfully, on which account the machine 
is generally set up in front of a large window. As soon as the first 
yard has passed through the machine the printer must satisfy himself, 
by turning up the edges of the stuff, that the pressure is equal on 
both sides; the“éolour should show through at the back to an 
equal degree on both edges. The defects arising in printing 
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generally originate in the scraper. Thus, if any solid substance, for 
example, get between the scraper and the printing cylinder and lift 
up the former a little, the scraper will cease to act for that instant, 
and will thus leave a cross stripe of colour on. the cylinder. Should 
the solid obstruction (eg. a grain of sand) remain, the scraper will 
be prevented from acting on the colour at that particular spot, and 
a longitudinal stripe of colour will therefore be formed. Similar 
stripes are also produced when the scraper has become worn in 
places through constant friction against the engraved roller. If the 
edge of the scraper has not been ground sharp enough, the im- 
pression of the outlines will be fuzzy instead of clear. When the 
printing cylinder is not true, the scraper will not touch such parts 
as are below the general level. ; . 

Another cause of defective printing may reside in the colour, 
especially when this does not properly come off on to the cloth, but 
remains in part in the channels of the engraved surface. When 
such is the case, the inking roller must be replaced by a roller 
brush. In the case of colours, like chrome yellow, that exhibit this 

defect in a higher degree, a second stationary brush must be fixed 
up in front of the printing cylinder. 

In any event, as soon as any defect in the printing is noticed, 
. the printer must stop the machine and remove the cause. As the 
scraper is the chief cause of defects, this tool must be reground 
after a certain number of pieces have been printed. 

When a change of colour is made, the printing cylinder, scraper, 
and ink-duct_must all be thoroughly cleaned, the best plan being to 
keep separate sets of brushes and cleaning cloths for blue, red, and 

in fact for each different colour used. 

Setting up and Working a Multiple-Colour Machine. 

Although cloth-printing machines have been constructed to 
print as many as twenty, twenty-five, and even more colours, it is 
not usual to go higher than twelve, since the heavy pressure to 
which the fabric is exposed necessitates the employment of stronger 
colours (%.e. richer in pigment). The machines most frequently are 
two to six-colour presses, 

The multiple-colour machine has a separate printing cylinder, 
ink-duct, ink-roller, and scraper, for each roller; a three-colour 

machine, therefore, having three printing cylinders, three ink-ducts, 

three inking rollers, and three scrapers. On the other hand, there 
is only a single backing cylinder, backing cloth, and intermediate 
cloth, as in the single-colour machine. 

In this case the arrangement for producing elastic pressure is 



WORKING A MULTIPLE-COLOUR MACHINE 245 

somewhat different. The backing cylinder, the size of which 
depends on the number and size of the printing cylinders, is 
mounted on bearings that can be raised and lowered by means of 
screws, but it is kept fixed during printing. The set of levers 
mentioned in the single-colour machine acts in this case on the 
lowermost printing cylinder, the others being pressed against the 
backing cylinder, either by the aid of screws fitted with rubber 
rings or else by means of levers. 

The principal difference in the method of working the two 
classes of machines consists in the method of producing the register, 
ze. the proper relative adjustment of the various parts composing 

‘the pattern. For this purpose a special device is required,—the 
wheels mounted on the different roller spindles, which are driven 
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by a pinion in the centre, being fitted with a device which enables 
any difference in the movement and situation of the individual 
rollers to be compensated; these wheels are therefore called 
register wheels. A sleeve e¢ is fastened on the trunnion of the 
printing cylinder 6 by means of the spring key ¢ and set screw d, 
and is loosely connected with the driving-wheel / by means of the 
screw gy. A screw hf passes through the lug z on the sleeve e, and 
rests at both ends against two half-moon lugs # / on the printing 
cylinder wheel. On turning the screw in one or the other direction 
by means of a key-pin passing through the head (which can be 
done whilst the machine is running), the sleeve ¢ is moved in an 
axial direction, and imparts a similar movement to the printing 
cylinder, so that in this way the rollers can be brought into register 
when either too far ahead or behind. It is, however, necessary to 
have the register approximately correct before starting, and this is 
effected in the following manner :— 

The lower roller is first put into position and set parallel to the 
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axis of the backing cylinder, the other rollers being then put in and 
set parallel to the first. The cylinders having been marked by the 
engraver at the place where they correspond, that on the first roller 
is now marked with chalk, and the machine is started slowly, only 

the intermediate cloth being run through at first. This chalk-mark 
prints off on the intermediate cloth, and the resulting impression 
should exactly coincide with the corresponding marks on the other 
cylinders if the register is correct. This will rarely if ever be the 
case at the outset, and it will be necessary for the printer to adjust 
the register either by a lateral movement of the rollers or by means 
of register wheels. This having been approximately done, the 
ink-duct is filled with colour, and a remnant of cotton fabric is- 

run through the machine, the resulting impression showing what 
additional correction is required to obtain a perfectly accurate register. 

In beginning to print, the machine is first run very slowly; and 
the printer must give careful attention to all the points already 
mentioned in connection with single-colour printing; in addition to 
which he will have to look after the register all the time the 
printing continues, since slight alterations of register are constantly 
occurring, as a result either of slight modifications in the tension 
of the fabric, or from other causes. This work of adjustment can 
always be carried out while the machine is running, stoppages being 
avoided as much as possible, since they are liable to produce light 
streaks on the goods, in consequence of the colour running out of 
the engraved parts near the point of contact with the material. 

An unavoidable inconvenience in multiple colour-printing on 
the cylinder machine is, that the colour cannot be completely 
removed from the smooth parts of the cylinders by the scraper, and 
consequently small particles of colour are left on the material, and 
get mixed with the next following colour. On this account great 
care must be taken to use the most delicate colours (eg. pink, 
yellow, pale blue), first leaving those capable (like black) of doing 
most damage until last. To prevent a clouding of the colour by 
preceding colours, a so-called water-roller is placed between each 
two-printing cylinders. This consists of a smooth cylinder, provided 
with a scraper, and fed with a thin solution of tragacanth or gum. 
Sometimes the final printing cylinder is followed by a smooth 
cylinder, which presses the colour into the material, this being 
employed when it is desired to have the pattern on thin material 
shown up about the same on both sides, so that the corresponding 
parts exactly coincide, as in the duplex printing machines, which 
will print up to eight colours on each side, the method of working 
being shown in the diagrammatic sketch (Fig. 39). 

Really the machine consists of two machines, each having its 
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own backing cylinder, backing cloth, and intermediate cloth. The 
engraving on the rollers of the one machine is to those on the other 
as image and reflection. 

Before beginning to print the actual fabric, about thirty yards 

Pia | 

Yin, 
HY 2 

KR 

UK @ ) 

of material are run through the machine to enable the rollers to be 
adjusted and set in register. For the latter purpose all the rollers 
of each separate machine are coanected with a large register wheel, 
to that the whole of the rollers can be adjusted to the same extent 
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by a single register screw. After the impression the stuff is passed 
over a water-roller. Printing on both sides is more particularly 
employed for the production of curtains and upholstery goods and 
calico-printing. 

CALICO-PRINTING. 

The goods intended for calico-printing must be first bleached 
in the most complete manner possible. Some colours are printed 
on prepared fabric; others without this preliminary treatment. 
The preparation consists in padding the fabric in a solution of 
Turkey-red oil (about 9 oz. per gallon), followed by drying. Some 
colours, especially alizarine red and rose-red, show up much brighter 
on prepared stuffs, and this property of Turkey-red oil is also utilised 
to revivify certain colours that have suffered under treatment sub- 
sequent to printing (eg. by chroming), the goods in this case being 
padded with Turkey-red oil, dried, and gently steamed for a short 
time. 

The different styles of calico-printing are as follows :— 

‘1. Production of the pattern by direct printing. 
2. Combined dyeing and printing. 
3. Discharge style printing. 
4. Reserve style printing. 

1, Reproduction of Pattern by Direct Printing. 

In this case the principal thing to be considered is the colour, 
its preparation, and fixing. 

The printing colour contains a solution or suspension of one or 
more dye-stuffs, solvents such as alcohol or organic acids, mordants, 

tannin, thickening material, and occasionally other substances as 
well, 

The dye-stuffs must be always of the same strength, and con- 
sequently have to be first tested by a sample printing. Each dye- 
stuff is dissolved separately, the solution being used only in a filtered 
condition. Dye paste should be carefully stirred up before being 
sampled; and solid dyes must be reduced to the finest possible 
state of division for use. 

The mordants are, for the most part, salts of acetic acid, which 
are prepared in a concentrated form by the printer, and kept in 
stock, it being difficult to increase the concentration, though dilution 

with water can be effected as required. The fixing agent used is 
tannin, generally dissolved in water and acetic acid. 

Oleic acids (Turkey-red oil) are frequently added to brighten 
colours, but are not used for fixing. Both the mordant and the 
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fixing agents must be tested by an experimental printing, to determine 
their quantitative relation to the dye and influence on the shade 
and brightness. 

The adjuncts to printing colours are acetic acid, tartaric acid, 
sodium chlorate, olive oil, fats (tallow, lard, etc.), turpentine, glycerine, 
and sal ammoniac; other adjuncts being used only in exceptional 
cases. Acetic acid serves to dissolve the dye-stuffs and colour lakes, 
a purpose also served by the less frequently used tartaric acid. 
Sodium chlorate is added as an oxidising agent to some colours 
—aniline black, logwood, etc. Olive oil softens the colour and 
facilitates printing, the same effect being produced by other fats. 
Turpentine is added to some colours to prevent frothing in the ink- 
duct. : 

On account of its non-drying properties, glycerine forms a useful 
adjunct to many colours, especially such as are prepared with gum 
or albumin; it prevents frothing, softens the colour, and keeps it 
from drying on the printing cylinder. Sal-ammoniac, being hygro- 
scopic, is added to colours which it is advisable to prevent drying 
quickly, eg. aniline black. 

Thickening Agents.—These consist chiefly of wheat starch, 
flour, baked starch, gum, and albumin. Wheat-starch is perhaps 
the most frequently used for thickening in calico-printing. The 
paste is prepared by stirring up the starch to a thick pulp, with a 
little water, and gradually adding more water until a thin milk is 
produced, whereupon the rest of the water is added all at once, and 
the whole is boiled until. the thickened paste begins to turn a little 
thinner. It is then cooled.and stirred until quite cold, to prevent 
it getting mouldy. 

Boiling is effected in pans of the type shown in Fig. 40. Steam 
heat is used, the steam being admitted through fg, and / in the 
steam jacket 0, the excess and condensed water being drawn off at 
c. When the boiling is finished, the steam is shut off, ¢ is opened, 
and cold water is run into the jacket from 7, through m. Stirring 
is effected by so-called planet stirrers /, the stirring paddle, in 
addition to rotating on its own axis, also describing a circular 
path round the inner wall of the pan. To empty the pan the 
stirring apparatus is uncoupled at ¢,v, and the pan is tipped about 
on its horizontal axis after the paddles have been taken out. This 
thickening material is generally prepared in two strengths, the one 
containing 100 parts, the other 150 parts by weight of starch per 
1000 parts of water, the strength being accordingly expressed by 
100 150 
fooe and yoo: 

Wheat starch paste is unsuitable for colours containing strong 
acid or some strong acid salts, which act upon it and convert it 
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into dextrin, which forms a thinner solution. Acetic acid, how- 

ever, produces no change, even on boiling. 
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As a rule, the starch is merely tested for its thickening pro- 
perties, and for the presence of insoluble foreign matters such as 
sand, etc. In the first test, starch of acknowledged quality is 
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employed for comparison, a thin paste of equal concentration being 
prepared from each, and their consistence compared by allowing 
them to drop from a spatula. To test for insoluble matters capable 
of forming scraper streaks in printing, the starch is stirred up toa 
thin milk with water, whereupon the solid foreign matter will quickly 
subside and can be examined after the liquid is poured off. 

Two kinds of roasted starch are prepared, namely, light and dark, 
the former being a light brown powder, which is mixed with water in 
the proportion of 7 parts to 5, 5 additional parts of water being 
then added, and the whole boiled for about two hours. To the 

same class also belong a number of white products, ¢. g. dextrin, pre- 
pared by heating wheat starch to about 100°C. with dilute acid ; 
British gum, a dextrin from rice and maize starch; Leio gum is 
a roasted potato starch, and crommelin and ly-chow are similar 
products. These light roasted starches do not thicken so strongly 
as starch itself, but are very useful for thin colour. They are 
soluble in water in all proportions, the thickening solution being 
prepared by dissolving one part by weight in one to two parts of 

boiling water. 
Dark roasted starch is prepared by roasting starch at about 

200°C. In consequence of excessive roasting, it often contains a 
brown insoluble substance which would choke up the engraving, 
and must therefore be kept out of the printing colour. To deter- 
mine the value of starch of this kind, a small quantity, about 10 
erms., is dissolved in half a litre of water, and left to stand awhile 
in a graduated cylinder, the insoluble sediment being then measured. 
The utility_of the sample is in inverse proportion to the amount of 

this sediment. 
—~This dark roasted starch has only about one-fifth to one-sixth 
the thickening power of weak starch. In consequence of the sugar 
content it may serve to retard the oxidation of certain dye-stuffs 
or iron mordants. When printed it does not penetrate so deep 
into the fibre as unroasted starch; also when dried it is more 

readily softened by water, and can therefore be more easily washed 
out of the fabric than the latter. It is very useful for strongly 
acid dyes, and is really the only suitable thickening for strongly 
alkaline dyes. The solution is prepared by stirring up 10 parts 
of the starch with 5 parts of water, then adding another 5 parts of 
water, and boiling the whole up for two hours. All the different 

gums used are chiefly made of gum arabic, tragacanth, and Senegal 
gum. 

Gum arabic is one of the oldest thickenings used, and is par- 
ticularly suitable for pale clear tints. Both raw and roasted starch 
cause the fibre to look darker and stronger than when printed with 
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gum thickening. The colours thickened with gum dry quickly and 
contract the material, on which account gum is unsuitable for 
printing mordants, because in this case the colours do not show up 
full when subsequently dyed. 

The contraction of the material by gum can be prevented by 
adding a little pipeclay. Gum arabic being dear, it is wherever 
possible replaced by light roasted starch or tragacanth. Frequently 
it is used for colours that must be applied in concentrated solution, 
in which case it is strewn in the form of powder.- The solution of 
gum arabic is prepared by stirring up the gum with boiling water, 
and then either boiling or leaving to stand until dissolved. Should 
the solution be lumpy, an adulteration with insoluble gums is 
indicated. The usual strength of the solution is either 1000 parts 
or 800 parts per 1000 of water. As dissolved gum readily falls 
a prey to acid fermentation, the solution should be prepared in 

‘small quantities only, and stirred in a cool place. Fresh solutions 
of gum should not be put into vessels containing remnants of old 
solution. | 

Senegal gum, although very cheap, is not in much favour; it 
sticks too fast to thefabric, and therefore-can only be used ih 
colours that will stand vigorous-washing. It imparts a certain 
smell to the material. 

Tragacanth is a very important ae and is used in 
a thick mucilage or as tragacanth water. The thick mucilage is 
prepared by suffusing tragacanth with hot water (60 parts per 
1000 of water), leaving to stand for twenty-four to twenty-eight 
hours, and then boiling in a closed cylinder until the mucilage has - 
become perfectly homogeneous (four to six hours). The thicken- 
ing most frequently employed, especially for tannin colours, is a 
mixture of equal parts of wheat starch paste and tragacanth 
mucilage (z¢¢v). This is sometimes known as mark 1 js ce Be 

thickening power of all these substances is tested in exactly the 
same way as with wheat starch; in some cases, especially gum 
arabic, they are also tested to see if they cloud the thickening 

colour, for which purpose a sample print is made with a light colour, 
such as pale blue and methylene blue. 

These thickenings are mostly prepared separately, and then added 
to the corresponding colour solutions and adjuncts before use. <A’ 
few of the readily soluble substances are sometimes mixed in the 
solid state with the warm thickening; fats must always be boiled 
in mixing ; dyes and mordants, on the other hand, must only be 
mixed eld: since otherwise precipitation might occur through the 
formation of lakes. Formerly the printing colours, especially those 
containing starch, were generally boiled, 7.c. the starch was mixed 
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not only with water, but also with the dye-stuffs and several 
necessary adjuncts (except mordants), and then boiled for an hour 
or longer in the same pans as used for making wheat-starch 
paste (Fig. 40). 

Apparently the sole object of this in most cases was to combine 
the gelatinisation of the starch and the mixing with the other 
ingredients in one operation. This is still done when a better 
incorporation of the ingredients can be secured by boiling them 
all together, ¢g. in the case of colours containing dye-wood extracts. 
Since most printing colours contain acetic acid and olive oil, these 
substances are very often added in preparing the starch paste, from 
one-tenth to three-tenths of a gallon of 6° B. acetic acid—accord- 
ing to the colour—and about 34-7 oz. of olive oil per gallon of 

' thickening being used, In the case of starch-tragacanth thickening, 
the finished tragacanth mucilage is also boiled over again. A special 
type of thickening is that prepared from albumin, inasmuch as it 
also acts as a fixing agent on the colour. For bright colours, egg 
albumin is used; for all others the less pure, but much cheaper, 
blood albumin. The first named is prepared from white of egg; the 
blood albumin by freeing blood from fibrin and then evaporating it 
in vacuum pans. The solution of this albumin in water must be 
prepared in the cold, about 65 lb. of albumin being steeped in 64 
gals. of water for twenty-four hours, at the end of which time 13 
gal. of turpentine is added to prevent frothing in the ink-duct, and 
half a gallon of ammonia to keep the solution from turning acid. 
When the colour, thickened with albumin and printed upon a fabric, 
is exposed to heat, eg. by steaming, the albumin coagulates, being 
thereby deposited on the fabric in an insoluble and adherent form, 
and thus acting as a fixing agent for the colour with which it is 
mixed. All thickenings must be strained for the removal of lumps 
and solid particles, and this-is effected either by putting them in a 
bag strainer and forcing them through the meshes of the fabric by 
pressure and twisting, or placing them on sieves and working them 
about with brushes by hand or mechanical appliances in imitation 
of hand labour, in order to rub them through. It is also advisable 
to strain the finished printing colour after the addition of the 
thickening material to the other ingredients. 

All these thickenings and other dissolved substances used in 
preparing the printing colour are measured out in graduated copper 
vessels, which is quicker than weighing; dye-stuffs and dye pastes, 
however, are weighed. The finished colour is stored in earthenware 
vessels or wooden casks, which are marked to prevent confusion, 
If a lighter shade of an already prepared printing colour is required, 
it may be obtained by diluting the latter with a given weight of the 
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same thickening that was originally employed; for example, a red 
printing colour thickened with starch paste and numbered “red 
100” is reduced with three parts of the same starch paste; this 
reduced or diluted colour will then be numbered “red 1003.” In 
diluting tannin colours the diluent thickening should receive an 
addition of sufficient tannin as to contain approximately the same 
percentage of tannin as the printing colour itself. This is necessary 
because the thickening material and the cotton both absorb certain 
quantities of tannin. 

To calculate the cost of a printed article, the amount of colour 
consumed in printing a single piece must be taken into consideration 
as well as the price of the printing colour itself. This is done in 
the following simple manner :— 

The colour is weighed before use, and again after a certain 
number of pieces have been printed, the difference in weight giving 
the amount consumed. 

Employment of Mordant Dye-Stuffs. 

Thanks to their fastness, the mordant dyes play a predomi- 
nant part in calico-printing. They are all so-called “steam” dyes, 
because the aid of steam is necessary to effect the combination of 
the dye with the mordant, the formation of the colour lake, and the 
fixing of the latter on the fibre. 

Alizarine is the most important of the series. For red and rose 
it is used along with alumina mordants (with or without tin 
mordants); with iron mordants for violet, and with chrome 

mordants for Bordeaux and brown. In the case ‘of red and rose 
the goods must always be prepared before printing, as otherwise the 
colour will come out dull and impure. The blue tinge alizarine 
marks are used for rose, whilst for red those chiefly consisting of 
flavopurpurine are taken. 

Apart from alizarine red, the following are the principal mordant 
dyes in use for printing :—Alizarine orange with chrome mordants, 
for various brown shades; alizarine blue with chrome or zinc 
mordants, for blue; alizarine Bordeaux with alumina mordants, for 

amethyst ; cceruleine with chrome mordants, for green ; gallocyanine 
with chrome mordants, for violet ; logwood with chrome and iron 
mordants, chiefly for brown and black; quercitron and buckthorn 
berries with tin, alumina, and chrome mordants, for yellows ; catechu 

with chrome and alumina mordants, for brown; redwood (chiefly on 
account of its cheapness), for mixed colours. 

Other dyes are, of course, used, such as galleine with chrome 
mordant, for violet; alizarine black with chrome mordant, for grey ; 
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oriole yellow with chrome mordant, for yellow, etc., though not to 

the same extent; and there are various other dyes suitable for the 
purposes of the calico printer, the employment of which is kept secret. 

Without going into special details, not much can be added to 
what has already been given as to the preparation of the printing 
colour. The alizarine dyes are mixed with the thickening, in the 
cold, whereas dye-wood extracts are generally boiled in the course of 
preparing the thickening. For producing light shades, the printer 
usually prepares diluted pastes and extracts from the concentrated 
commercial articles. The proportions of ingredients taken vary in 
different establishments; the principal thing is to have the correct 
ratio of dye-stuff to mordant, and in this respect it is always 
preferable to have too much mordant than too little, because in the 
latter case the unfixed dye is loosened from the fibre in the sub- 
sequent washing and dirties the material. The mordants used 
almost exclusively are chromium acetate, chromium bisulphite, 
aluminium acetate, aluminium sulphocyanide, iron pyrolignite, tin 
salt, tin acetate, and tin paste. 

Employment of Basic Dye-Stuffs. 

An important part is also played by the basic dyes in calico- 
printing, the following being those most in use :—~ Auramine, 
brilliant green, malachite green, methyl green, methylene blue, new 
methylene blue, turquoise blue, printing blue, acetine blue, methyl 
violet, methylene violet, safranine, fuchsine, and rhodamine. Some 

of them exhibit a tendency to encrust on the unengraved parts of 
the printing cylinder, and in such event a bar covered with flannel . 
must be employed at that part of the cylinder where the counter- 
scraper is usually placed. 

The printing colour consists of three portions, all of which are 
generally prepared separately, ac. the thickening—mostly wheat 
starch and tragacanth thickening, 1/1 gum water being often used 
for delicate tints ;—a solution of the dye in acetic acid and water, or 
acetic acid and alcohol; and a solution of tannin in acetic acid and 

water. For some colours tartaric acid, or ethyl-tartaric acid, is 

added as well; this last-named acid, acetine, or levulinic acid being 
employed as a solvent in the case of the indulines. Colourless 
tannin should be used for bright light tones, especially for light 
blue. Most of the basic dyes show up better when printed on 
prepared cloth. 

The basic dyes are used in a special manner for the production 
of the so-called “Lucca” goods, which constitute an imitation of 
Indian shawls. The goods are prepared by padding with a solution 
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of sodium stannate thickened with a solution of casein in water and 
borax. The dyes are mixed with albumin or various metallic salts, 
such as aluminium acetate and magnesium acetate, with sodium 
arsenite and aluminium acetate, with arsenicated glycerine, etc., and 
a thickening material, and fixed by steaming. 

All the printing colours prepared with basic dyes are steam 
colours, steaming being indispensable to fix them on the fibre. 

Employment of the Albumin Dye-Stuffs. . 

Many of the mineral pigments, such as ultramarine, vermilion, 
chrome yellow, orange chrome, chrome green, various ochres, and 

lampblack paste (for grey, shaded with ultramarine), being insoluble, 
cannot be fixed on the fibre in any other way than by mixing them 
with albumin before printing, the fixation of the colour and the 
recovery of the albumin being then effected by steaming. Hence 
these colours also are “steam colours.” Occasionally other colours 
capable of employment in other ways can also be used as albumin 
colours, eg. buckthorn-berry tin lake, erythrosine—precipitated from 
its solution by sulphuric acid, and mixed with albumin,—as also 
solutions of basic dyes, such as methyl violet and fuchsine. — 

In order to economise the expensive ingredient albumin, it is 
generally replaced in part with tragacanth mucilage or starch paste ; 
naturally, the lower the proportion of albumin employed, the less 
satisfactorily will the colour be fixed. 

The beauty of the mineral printing colours varies directly with 
the fineness of division, for which reason it is the general practice to 
grind the commercial colours (chrome yellow and orange chrome 
pastes) for a considerable time, in association with a little dissolved 
gum, in indigo mills. In printing with these colours, the usual ink- 
ing roller is replaced by a roller brush, and frequently a counter 
brush must be used as well. 

Ultramarine, being difficult to moisten, must be converted into 
paste with a little alcohol. In using this pigment it must not be 
forgotten that the same is easily decomposed by acids. 

Chrome yellow and orange chrome are printed in association 
with a salt of cadmium, the object of which adjunct is to counteract 
the tarnishing effect of sulphuretted hydrogen (PbS) by forming a 
yellow sulphide. 

Several of the albumin colours find their chief use in indigo 
discharge style printing. 

Employment of Direct Dye-Stuffs. 

Of these dyes, which play such an important part in cotton- 
dyeing, only a very small number are used, and that, too, for the 
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production of light grounds. These comprise chrysamine, chlora- 
mine yellow, brilliant geranine, diamine pure blue, etc. For the 
most part, they are simply mixed with the dressing preparation and 
applied to the material therewith. 

Employment of the Developing Dye-Stuffs. 

The method of applying the ice colours is the same as in dye- 
ing, the fabric being prepared with §-naphthol, dried, and printed 
with the thickened solution of the diazotised amine. 

The instability of the diazo solutions makes itself felt here even 
more than in dyeing. All these colours have the defect of being 
unable to stand steaming, and being therefore unsuitable for mixing 
with steam colours. Nevertheless they play a still more important 
part in calico-printing than in dyeing. 

Aniline black, having already been fully described as oxidation 
black, requires little additional mention here. The same mixture as 
before is employed, and, being suitably thickened——preferably with 
dextrin—is printed on the fabric, the black being then developed 
just as in dyeing. In order to minimise the injurious effect 
produced by the acid, a portion of the aniline is used in the free 
state as aniline oil, When the goods are first printed with a lead 
salt, for the production of chrome colours, the aniline chloride is 
replaced by aniline nitrate, since otherwise lead chloride would be 
formed, and would incrust the scraper of the black roller. Also by 
using the nitrate less aniline is consumed, 

Sometimes a so-called aniline steam black is used, the colour 

being developed by steaming. These colours are either compounded 
in the same way as Prudhomme black, or else contain yellow lead 

_ chromate instead of ferrocyanide. Moreover, in light patterns an 
ordinary aniline black can be developed by steaming, in which case 
the printed goods are first developed in the oxidising chamber, then 
passed through ammonia vapour, and entered in the warmed and 
closed steamer—on the floor of which one or two pans filled with 
ammonia have been placed—where they are steamed in the usual 

way for about a quarter of an hour. 
Aniline black always corrodes the scraper to some extent, and 

this should therefore be ground afresh after a certain number of 
pieces have been printed, 

The history of the evolution of aniline black is very in- 
teresting :— 

The first aniline black printing colour was prepared by John 

Lightfoot in 1863, and consisted of aniline, hydrochloric acid, acetic 

acid, potassium chlorate, cupric chloride, sal-ammoniac, and starch 
iy | 
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paste. When this black was printed without copper, by the aid of 
a wooden roller, it did not develop at all, but the black showed up 
after being placed in contact with a metal plate for a short time, 
from which behaviour Lightfoot concluded that metals were essential 
to the development of the black. However, the employment of 
soluble copper salts proved a failure, owing to the formation of a 
precipitate of aniline black within the colour itself. Subsequently 
attempts were made to obviate this by impregnating the goods with 
a solution of copper sulphate by padding, and employing a colour, 
free from copper, for the printing. In this case, however, the white 
of the fabric must be cleaned by treatment with ammonia. Finally, 
recourse was had to insoluble copper salts, like copper ferrocyanide 
or copper hydroxide; in fact, the recommendation made by Lauth 
in 1864 to use copper sulphide is still followed at the present time. 
For hand printing, however, copper sulphate must be retained, 
because the paste preparations readily incrust the block. 

It is now known that metals are not essential for the develop- 
ment of aniline black; all they do is to decompose the chlorate, 
which object can also be effected by the aid of acids. 

A further important advance was the introduction of aniline 
tartrate, as a substitute for the chloride, by C. Koechlin in 1865, 

thus making it possible to print even the finest fabrics with aniline 
black without any risk of corrosion. The quantity of tartaric 
acid employed to dissolve the aniline is between that required 
for the formation of the neutral salt on the one hand and the acid 
salt on the other. Without sal-ammoniac it is impossible to obtain 
a good black; and the action of this salt is explained by the 
assumption that, by temporarily producing aniline chloride, it helps 
to start the oxidation. 

An aniline black produced with tartaric acid requires much 
more chlorate—70 per cent. and over—than the ordinary black 
with aniline chloride. This consideration and the use of tartaric 
acid render this colour so dear that it is now seldom used. 

The mineral colours developed on the fibre in calico-printing 
are the same as used in ordinary dyeing. 

The usual plan in the case of chrome yellow and orange chrome is 
to print with a suitably thickened mixture of lead acetate and nitrate, 
and then treat exactly in the manner described in the previous 
chapter. Iron chamois is seldom used. lJBerlin-blue is never 
employed alone in calico-printing, but only as an adjunct to various 
printing colours, ¢g. logwood black, and with mordant dyes or 

_ tannin dyes for olive green and brown shades, by mixing potassium 
ferrocyanide therewith, Berlin-blue being then formed, in the 
presence of acids, by the heat of the steam chamber. 
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A “steam chrome yellow” and “steam orange chrome” are 
produced in printing with lead acetate and nitrate in conjunction 
with barium chromate paste, and then steaming. 

A manganese bistre can also be produced as a steam colour by 
printing a mixture of sodium or potassium bichromate, manganous 
chloride, and sodium acetate, the oxidation being effected by steam. 

Employment of the Vat Dye-Stuffs. 

Indigo is fixed on the fibre by the Schlieper and Baum glucose 
method. Its principal use is in the production of red and blue 
patterns by over-printing goods dyed with Turkey-red. 

The modus operandi is as follows :—The fabric is first impregnated 
with a solution of grape sugar by padding, and then well dried. 
The printing colour consists of a thickened mixture of finely 
ground indigo paste and concentrated caustic soda, and the main 
point to be watched in its preparation is to prevent the mixture 
heating. The pressure applied in printing should be slight, 
in order to prevent the colour being forced too deeply into the 
fabric. The goods are then dried in a hot-air chamber to prevent 
the conversion of the‘ sodium hydroxide into sodium carbonate— 
which would have a reducing action in the subsequent operations— 
and then steamed in a special chamber, where they are exposed for 
a few seconds to steam that is free from air, the colour being 
thereby fixed through the reduction of the indigo to indigo white. 
Next follows, without delay, washing in a copious supply of water, 
preferably in a roller washer and full width; this removes the 
caustic soda and oxidises the indigo white to indigo blue. 

Other methods for producing indigo blue on the fibre are the 
“propiolic acid print” and the method with Kalle’s “indigo salt,” 
in accordance with which methods indigo should be classed with 
the developing dye-stuffs. 

Indigophenol blue gives fast tones, very similar to indigo, when 
printed, though unfortunately it is very sensitive to steaming, and 
therefore cannot be combined with steam colours. Nevertheless a 
short steaming is indispensable for the fixing of the dye, despite the 
dulling effect thereby produced ; and, indeed, the longer the steaming 
the faster the colour to washing and soaping. 

To prepare the printing colour, the indigophenol is boiled with 
acetic acid, wheat starch, and tragacanth mucilage, and then mixed 
cold with a fivefold quantity of 20° B. tin acetate, with which it is 

left to stand for some time in order to effect the reduction to 
indigophenol white. After printing, the goods are left in the 
warm oxidising chamber for about thirty-six hours, then passed 
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through ammonia vapour, to neutralise the acid in the printing 
colour, followed by a passage through the Mather and Platt, and by 
steaming in an enclosed chamber for a half to one hour, under low 
pressure. A pan filled with ammonia is placed on the floor of the 
steaming chamber. Finally the goods are washed—also treated 
with potassium bichromate, if necessary—and hot soaped. 

Employment of the Acid Dye-Stuffs. 

The acid dye-stuffs which are unsuitable either for the dyeing 
or printing of cotton, are very seldom used in calico-printing ; 
actually only for the so-called “Lucca” goods. The colours are 
fixed in the same way as in the case of the basic dyes for the 
same purpose. The dyes chiefly used are coralline, a few ponceaus, 
alkali blue, water blue, ete. 

Latterly it has been found that the eosines can be fixed on 
cotton by the aid of chromium acetate, after the manner of the 
mordant dyes. 

For the production of various tints in calico-printing, use is 
made of the above-named dyes, either separately or in combination. 

Green is produced with the green tannin dyes and fast 
coeruleine, either by itself or shaded with one of the yellows 
specified, whereby a variety of olive green shades is obtained. 
Chrome green is chiefly used in indigo discharge style printing. 

Bright Yellow.—For this purpose buckthorn berries and tin 
mordant form the main dye-stuff, auramine and chrome yellow 
coming next. Various yellows are also furnished by buckthorn 
berries in association with other mordants, as well as by quercitron, 
oriole yellow, and light yellow with direct dyes. 

For orange, use is chiefly made of alizarine orange and orange 
chrome; for red, alizarine and alumina mordant; eventually 

yellowed and enlivened by the addition of tin mordant; nitraniline 
red being also used, though this last is unsuitable for combining 
with steam colours. Vermilion is still largely used in indigo dis- — 
charge style printing. 

Rose-red is produced with alizarine and alumina mordant; for 
topping, use is made of direct dyes. 

Bordeaux is chiefly produced with alizarine and chrome 
mordant, and with ice colours. 

_ Fast violet tints are produced with alizarine and iron mordant, 
gallocyanine, and chrome mordant, and a mixture of methylene 
blue and safranine. Vivid fugitive violets are obtained with methyl 
violet. 
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A comparatively large number of dyes are employed for blue 
shades. Pure greenish blue tints are produced with methylene 
blue, new methylene blue, turquoise blue, and a very greenish 
ultramarine ; for dark blues, use is made of the indulines, or brilliant 

alizarine cyanines; for grey-blue tints, alizarine blue with chrome 
or zine mordants—the colour being more brilliant, but less stable, 

with the latter; for shades similar to alkali blue, ultramarine and 

a few direct dyes for topping. Finally, there are indigo blue and 
dianisidine blue, which cannot well be combined with the steam 

colours, and are only used for a few special articles. 
Dark brown tints are mostly produced with alizarine, logwood, 

quercitron, and chrome mordants; medium and light browns with 

catechu—with or without basic dyes and dyewood extracts, or 
with the last named. In these cases especially an endeavour is 
made to produce the necessary blue tinge by adding potassium 
ferrocyanide to the printing colour. Finally, for brown discharge 
style printings, use is made of manganese bistre, and for single- 
colour work, the ice colours. 

Black is produced with logwood and atone mordant, shaded 
with quercitron ; indigo bottoming, noir réduit, and alizarine black. 
Grey is obtained with logwood, lampblack paste, or with alizarine 
black and chrome mordant. 

Treatment of the Goods when Printed. 

After printing, the goods are passed through a whole series of 
operations, comprising hanging in the oxidation chamber, putting 
through the Mather and Platt, steaming, the tartar emetic bath, the 

chalk bath, chroming, washing and soaping, malting, dung and malt 
baths, bran bath, chemicking (chloring), and dressing. 

Leaving out of the question the last process of all; which will 
be dealt with separately later on, the object of the series of after- 
treatments is threefold—(1) fixing the colour; (2) purifying and 
enlivening the colours; (3) cleansing any white that may be 
present. 

In most cases the goods are not fixed at all in the printing 
process, and could be completely washed off the fabric; con- 
sequently the most important operation of these complementary 
processes is that of steaming, which effects the fixation of the 
colour, and, in the case of mordant dyes, develops and fixes the 
colour lake. The vat dyes and developing dyes alone do not 
require steaming. The oxidation chamber and Mather and Platt 
treatments are preparatory to the steaming process, whilst the 
tartar emetic and chalk baths, and chroming, serve to complete 
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the fixation of the colour in some cases. All the other operations 
are performed with the object of removing the thickening materials 
—since these dull the colours—to cleanse and brighten the colour, 
and also thoroughly clean the white from any stains arising from 
the imperfect action of the scraper in the printing press. 

The passage through the oxidation chamber and the Mather — 
and Platt are chiefly designed for the elimination of the excess 
of volatile acids contained in the printing colour. - If strongly acid 
printing colours were immediately exposed to steaming, the liberated 
acid vapours might injure the colour as well as the goods. Hence 
it is necessary to pass goods that have, for example, been printed 
with sulphocyanides (alizarine red with aluminium sulphocyanide) 
two or three times through the Mather and Platt, or leave them 
two days in the warm oxidation chamber before steaming. At the 
same time these two operations also assist in the gradual formation 
of the colour lake, a consideration not devoid of importance. The 
goods are hung on rods in the oxidation chamber for about forty- 
eight hours (the hygrometer registering about 32—36°) during 
which time they are turned once, so that the parts at the top take 
up a position at the bottom, and vice versd. Frequently, however, 
the oxidation chamber is used merely for drying damp goods. 

The passage through the Mather and Platt is given for the 
same purpose, and is employed more particularly when only a short 
steaming is required. The speed at which the goods are passed 
through the apparatus is usually regulated so that each portion of 
the goods makes a sojourn of one minute therein. 

Steaming.—The piece to be steamed is backed with a layer 
of raw cotton, the object of which is to prevent stains arising from 
drops of condensed water, and is wound upon a collapsible frame, 
from which it is then removed—by folding the frame—and hung 
on a rod mounted on a carriage and caused to rotate by means 

of an attached cog-wheel. A whole series of pieces are hung in 
this way on the said carriage, which is then run along a track 
and introduced into the steaming chamber (Fig. 41). 

This chamber may be cylindrical or quadrangular, and is fitted 
at the bottom with steam admission pipes—perforated with orifices 
directed downwards—and a pipe for drawing off the water, a 
horizontal partition being provided near the top of the chamber 
in order to prevent the dripping of condensed moisture. The 
apparatus must be warmed up before the goods are introduced, 
since otherwise the excessive condensation of steam might cause 
the colours to run. With this object the waste pipe is opened 
to run off the condensed water, after which steam is turned on, 

and, as soon as all the water is drawn off, the pipe is shut and 
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the pressure of steam is raised to about half an atmosphere. At 
the end of about ten minutes the steam and water are allowed 
to escape, the door is opened, and the goods entered, whereupon 
the door is shut and steam turned on, without pressure for the 
first few minutes, after which the effluents are closed and steaming 
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continued for a half to two and a half hours, either without 

pressure or under a pressure of about half an atmosphere, the 
water of condensation being run off from time to time. Finally, 
steam is shut off, the doors opened, the carriage drawn out, and 

another carriage, loaded with goods, introduced in its place, the 
steaming being then resumed as before. The steamed goods are 
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unwound, separated from the cotton backing, and passed on for 
further treatment. 

The duration of the steaming process and the pressure employed 
therein depend on the dye. Albumin dyes are steamed for a half 
to three-quarters of an hour; tannin dyes for an hour to an hour 
and a half; mordant dyes for one and a half to two hours. When 
several different colours are printed on the same piece, the duration 
of steaming is regulated by the colour that needs to be steamed 
longest. 

Latterly the above method of steaming has been superseded in 
many establishments by a continuous process, the goods being passed 
over a series of guide rollers in a chamber filled with steam. 

The tartar emetic bath is applied only to printings made with 
tannin dyes, the object being to fix them in a thorough manner by 
the formation of antimony tannate. The operation is performed in 
roller becks, through which the goods are passed at such a rate that 
each part only remains in the vessel one minute. The first bath 
contains about 3 parts by weight of tartar emetic and 13-15 
parts of chalk per 1000 of water, the proportions varying according 
to the size of the pattern, and, in some cases, amounting to 20 parts 

and more of tartar emetic. The second bath contains 14 part of 
tartar emetic and the same quantity of chalk. The bath tempera- 
ture is about 70° C. The object of the chalk is to neutralise the 
potassium bitartrate produced in the bath, the use of other, soluble, 
alkalis being inadvisable owing to the risk of injuring the colour. 

In order to prevent the dulling of delicate colours by the more 
or less highly coloured bath liquor, the serial order in which the 
pieces are entered is determined by the sensitivity of the colours; 
those found by experience to be most liable to contamination by the 
bath being put through last. 

For the same reason the goods are entered face downwards. 
After the passage of a certain number of pieces, the bath is 
recuperated by adding more tartar emetic and chalk. Old and 
foul baths are either run off or else boiled up along with chalk, 
left to settle, and the clear liquid used over again. 

The chalk bath is used for goods printed with mordanted 
colours, and serves to neutralise the residual acid and thus complete 
the fixation of the colour lake. Just as in the tartar emetic bath, 

the goods are passed through two roller becks, charged with 
1 per cent. of chalk, at a temperature of about 80—90°C., and 

then through a similar vessel containing clean water. The time 
of immersion in the bath is about one minute, and the bath is 

replenished after each piece. Goods that contain tannin dyes in 
addition to mordant dyes do not require to be put through the 
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chalk bath, the excess of chalk always present in the tartar emetic 
bath being sufficient for the purpose. 

Chroming is applied to secure better fixation of some colours 
by oxidation and the formation of a lake. The treatment is applied 
either cold or hot, and the method of performance varies in different 
establishments. One point to be borne in mind is that some dyes 
(eg. alizarine red) may sustain alteration by the partial formation of 
a chrome lake, and in such case a cold or lukewarm chroming is 
best. The goods are passed through two roller becks, charged with 
a 4 per cent. solution of potassium monochromate, though in some 
instances the first bath alone consists of chromate, the second being 
merely water, which is frequently renewed. Between the two vats 
the goods are subjected to moderate pressure by a pair of squeezing 
rollers. Some articles are treated with chromate in just the same 
way as in steam chemicking (see later). In chroming goods con- 
taining alkaline dyes, the bath receives an addition of a little sal- 
ammoniac (1-2 parts per mil), the influence of the alkali on the 
other colours present being diminished by the formation of ammonia 
or ammonium carbonate. 

The chief purpose of washing is to remove the thickening 
materials present in the printing colour, and the work is performed 
in machines of different construction according to the resisting 

power of the colour. The round washer, similar to that illustrated 
in Fig. 17, except that the upper roller is here replaced by a folding 
polygonal reel, is generally used; or the aforesaid vat can be 
employed, in which case the effect is increased by a beating roller 
mounted on one side. Goods that are very susceptible to the 
influence of washing are either left unwashed or washed without 

rubbing. For this purpose, full-width washing machines have been 
~ constructed in which the goods are passed through a series of roller 
becks fitted in places with a number of beaters; or the goods are 
made to circulate under water, without rubbing or coming up to the 
surface. To prevent the goods being dirtied by loosened particles 
of dye, it has latterly been proposed to add certain metallic oxides 
(zinc oxide, antimony oxide) to the washing water. 

Soaping is chiefly resorted to in order to cleanse the white 
portions of the goods and to revivify the colours, an addition of a 
little sodium stannate being often given to the soap bath for this 
latter purpose, especially in the case of alizarine red. 

Marseilles soap is used, and should not contain any free alkali. 
It is inadvisable to introduce the soap in a solid state into the bath, 
owing to the risk of spotting the goods by the adherence of soapy 
particles. A solution of soap is therefore prepared beforehand, and 
a definite quantity is run into the bath for use, the amount depending 
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on the number of pieces and nature of the dye to be treated, the 
usual strength being 3—5 parts of soap per mil. of bath liquor. 

Mostly the goods are soaped in band form for about half an hour 
to an hour, at a temperature of 60—70° C. Soaping considerably 
increases the brightness of alizarine red and alizarine rose, and in 
this case the goods are boiled in the soap bath for one to two 
hours ; in fact, occasionally, when heavy patterns of alizarine red 
are in question, they are soaped twice over, or once under pressure 

in a copper retort. Tannin colours, not being so resistent, are often- 

times soaped only a quarter to half an hour at medium temperature. 
Should the goods have a considerable surface of white, it is advisable 
to soap in a full-width machine. 

The thickening materials may be eliminated from the printed 
goods in an innocuous manner by treating them with a decoction of 
malt, this being especially suitable for starch thickenings on account 

of the solvent action of malt thereon. ; 
A still better plan is to use a bath of cow-dung and malt, the 

latter removing the thickening, whilst the decoction of cow-dung 
cleanses the white with less harm to the colour than by soaping. 
This method is applied to multi-coloured upholstery goods after a 
slight soaping, as many as five dunging baths being used. They 
are charged with 5 parts of cow-dung and 6 parts of malt (both 
boiled in water) per mil, and used at a temperature of 35° C. 
After the first two baths the goods are washed. 

Some articles—logwood black in particular—are cleansed with 
bran, by treating them in a hot decoction of this substance once or 
twice over. The solution is prepared by boiling the bagged bran in 
water, at the rate of 11-12 parts per mil. 

Chemicking, or chloring, serves to bleach the white portions of 
the fabric that have been left somewhat muddy looking by the wash- 
ing and soaping processes. It is a very important, and in some cases 
indispensable, operation, since a perfect white is one of the best 
qualities of printed goods. There are two methods of application 
——steaming, and the wet process. In the former case the goods 
are passed through a trough containing bleaching powder solution, 
squeezed between rollers, and led into a small wooden steaming 
chest fitted with guide rollers and a false bottom, under which is 
a steam-pipe. On issuing from this chest, the goods are washed by 
a flushing jet and also by passing through a roller beck filled with 
water. 

In the other method the goods are passed, printed side down- 
ward, through a pair of rollers, the under one of which is covered 
with flannel, and revolves in a solution of bleaching powder. They 
are then led over drying cylinders. 
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The best strength of bleaching powder solution and the method 
of application, depend entirely on the resisting power of the dyes. 
Usually the density of the solution is only a few tenths of a degree 
B., and it is frequently preferable in the case of very sensitive 
colours to apply a weak solution twice over than to use a stronger 
one once. } 

Frequently the chemicking is combined with blueing, a suffusion 
of ultramarine being added to the bleach solution, in which event 
the trough is fitted with a horizontal stirrer in order to prevent the 
ultramarine from settling to the bottom. 

No generally applicable rules can be laid down for these various 
operations, and experience alone must decide which of them is 
suited to the needs of any particular case, and how they shall be 
carried out, in order to produce a beautiful white on the printed 
goods without injury to the colour. Mordant dyes are treated in 
the oxidisation chamber—the Mather and Platt——steamed, chalked, 

washed, soaped, and, if necessary, chemicked. Tannin dyes are put 
through the Mather and Platt, then steamed, entered in a tartar 
emetic bath, washed and soaped with care, and finally chemicked 
(usually by the dry method), Albumin colours are washed with 
the greatest possible care after steaming; acid dyes, on the other 
hand, must not be washed at all. For the most part, these printed 
goods are prepared by the aid of several very different dyes, and 
in such event the treatment is governed by the most sensitive 
of these. | 

Even one and the same article cannot always be treated in 
exactly the same manner, consequently the progress of each of the 
prescribed cleansing operations must be watched in every case, and 
an attempt made to correct any defects by employing some operation 
not usually practised, or by repeating one or other of the operations 
already performed. 

Some colours that have suffered during the after-treatment can 
oftentimes be revivified by treatment with Turkey-red oil (see p. 248). 

2. Combined Printing and Dyeing. 

A second method of producing printed fabrics consists in first 
printing with one or more mordants and then dyeing with mordant 
dyes after fixing. Strictly speaking, the articles produced by dis- 
charge style or reserve style printing also belong to this category, 
inasmuch as they too result from a combination of printing and 
dyeing ; nevertheless, the method of working is so different that a 
separate description is necessary. 
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The principal consideration in the production of combined effects 
being the retention of purity in the white portions of the fabric, the 
operation of oiling previous to dyeing must be omitted, because the 
oil has a fixing action on many of the dyes. 

- The suitably thickened mordants must be coloured in order to 
render the printed impression visible, for which purpose they are 
mixed with a dye that will easily wash out afterwards, e.g. a ponceau. 
The mixture generally contains an excess of acetic acid. After 
printing, the mordants are fixed, in the manner described in the 

section on mordants, and then dyed (see Dyeing with Mordant Dyes) 
along with an addition of size (4 oz. of gelatine per piece of about 
sixty yards), which prevents the staining of the white. The 
quantity of dye used depends on the area of the pattern. Red, 
Bordeaux, violet, brown, and black are chiefly produced in this 

way. 
The mordant used for red consists of aluminium acetate 

mixed with a little tin salt, yellow-tinge alizarine and size being 
employed for dyeing out. The stuff is then washed, oiled, steamed, 
soaped with an addition of sodium stannate, washed, soaped again, 
washed, and dried in the oxidation chamber. In this case the 

white must be cleansed by washing and soaping, nly, since these 

articles are not chemicked. 
Small patterns in alizarine red are also sometimes produced in 

the same way, notwithstanding the difficulty of cleansing the white. 
This is done because alizarine red always comes out faster and 

brighter when dyed than when printed. 
The other colours are generally produced in the ieee 

manner :—Bordeaux, with aluminium acetate as mordant, and aliza- 
rine (bluish tinge), rubine and size as the dye; brown, with aluminium 

pyrolignite and iron pyrolignite as mordants, followed by dyeing with 
alizarine and quercitron, under addition of sumach, chalk, and size ; 
violet, with iron pyrolignite as mordant, dyed with alizarine (bluish) 
and methyl violet, plus size; black, with iron pyrolignite, aluminium 
pyrolignite and zine nitrate as mordants, dyed with logwood, 

quercitron, sumach, and size. 

‘In all these cases, except red, the goods must be chemicked, 
generally by a double dry chemicking, in order to properly cleanse 
the white. Black (mourning) goods are mostly treated with bran 

twice over. 

3. Discharge Style Printing. 

White or coloured effects may be produced by discharging ;. in 
the former case, the task is merely the destruction or solution of the 
mordant, fixing agent, or the dye itself; in the other, the following 
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alternative is open :—(1) The discharge is printed along with a dye, 
towards which it is inert, and which is afterwards fixed on the 

fabric; (2) a mordant is printed along with the discharge, and the 
colour is produced by a subsequent dyeing. 

Colourless discharges must be tinted before use. Some dis- 
charges contain such a large proportion of salts that they must be 
printed warm in order to prevent crystallisation. 

The various methods of discharging may be arranged in three 
classes— 

1. Discharging the mordant. 
2. Discharging the tannin-antimony fixing agent. 
3. Discharging the dye-stuff 

1. Discharging the Mordant. 

The unoiled fabric is padded with a solution of alumina or iron 
mordant and then dried in the cold, to prevent the discharging 
being impeded by a premature fixing of the mordant. 

The discharge is then printed, the goods being afterwards 
passed once or twice through the Mather and Platt—after a small 
sample has been dyed out in order to see how the discharge acts— 
dunged, washed, and dyed. In this process great care is necessary 
to guard against setting-off on the part of the discharge, and for 
this reason the goods must not be laid one upon another until 
thoroughly dry. 

The discharge reagents consist of organic acids; and as oxalic 
and tartaric acid salts are sparingly soluble, ammonium citrate is 
generally used. The presence, however, of large amounts of free 
citric acid causes the discharge to run. In discharging alumina- 
iron mordants or weak iron mordants, an addition of sodium 

bisulphate is made to the discharge; concentrated iron mordants 
are discharged with citric acid and tin salt. Latterly, however, the | 
practice of discharging alumina and iron mordants has _ been 
abandoned owing to the unreliable character of the operation. 

The modern chrome discharge style is produced in a somewhat 
different manner, The goods are padded with chromium bisulphite, 
dried, printed with a discharge consisting of sodium chlorate and 
potassium bromate, steamed for over an hour, chalked, and dyed. 

Coloured discharges can be produced on alumina mordants by 
means of tannin dyes in various ways. For example, the unoiled 
stuff is first mordanted and fixed, and then printed over with a 
thickened mixture of a tannin dye, with tannin and ammonium 
citrate. It is then steamed, entered in a tartar emetic bath, 

washed, and dyed with alizarine (for red) in association with 
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Turkey-red oil and size. Only a few basic dyes are, however, suit- 
able for this purpose, eg. thioflavine T, Nile blue, and brilliant 

green. | 

2. Discharging Antimony Tannate. 

The fabric is tannined, fixed with tartar emetic, and then 

printed with strong caustic soda thickened with roasted starch 
(containing 50 per cent. of 42° B. soda) and qualified with a little 
turpentine to prevent frothing. It is next dried, passed twice 
through the Mather and Platt—-which should be charged with dry 
steam—vwashed several times, and then dyed with a basic dye, the 
white being afterwards cleansed by washing, slight soaping, and 
chemicking. 

3. Discharging the Finished Dye. 

Discharging Vat Blue.—Indigo discharge style is a very im- 
portant branch of calico-printing, and enables finer details to be 
produced than is possible by reserve printing. 

Three different discharges may be used for vat blue—(1) chromate 
discharge; (2) chlorate discharge; (3) alkaline discharge. 

The chromate discharge is the most important, and the one 
most in use for colour discharge styles. For the production of a 
white discharge the fabric is printed with a solution of potassium 
bichromate thickened with starch —the quantity of bichromate 
depending on the depth of the blue to be discharged—dried, passed 
through the discharge bath, and well washed. The discharge bath 
is used at a temperature of 45—50° C. and contains 4 per cent. of 
oxalic acid and 5 per cent. of sulphuric acid; the time of exposure 
is a half to one minute. The bath is contained in a small vat, 

through which the goods are drawn by the aid of guide rollers. 
The liquor should be thin in order to thoroughly penetrate the 
material. After leaving this bath, the fabric is washed under a jet 
and by passing through a roller beck filled with water. 

The part played by oxalic acid in discharging is not yet fully 
elucidated ; it is, however, a fact that sulphuric acid does not act so 

well in the absence of this acid. The assumption is that an 
unstable oxide is formed, intermediate in composition between 
Cr,O, and CrO,, and parts with oxygen more readily than chromic 
acid does. 

One unavoidable defect. of this method is that the fabric is 
always more or less strongly corroded in the discharged parts. In 
the case of coloured discharges, however, this defect is absent, since 
it is unnecessary to discharge the whole of the indigo, and there- 
fore weaker reagents can be used. The colours chiefly employed 
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are chrome yellow and orange chrome (in paste form), vermilion, 
chrome green, and various ochres. They are thickened with 
albumin for printing, this substance then coagulating in the dis- 
charge bath and exerting a fixing action on the dyes. In this case 
neutral potassium chromate must be used as the discharge, since the 
acid salt coagulates the albumin. Vermilion is the least suitable of 
all the above-named pigments because of its high price and the 
readiness with which it rubs off, this tendency varying inversely in 
proportion to the amount of chromate used for discharging. It is 
now frequently used in admixture with insoluble red azo dyes. 

For pale blue discharge a discharging solution is used that is 
too weak to entirely decolorise the indigo, but as the resulting 
colour is too dull to be of any practical value, a little Berlin-blue is 
added to the discharging agent, or the goods are passed through 
pure blue. Finally, the colour may be enlivened by the application 
of a blue dye such as pure blue, methylene blue, etc., in the dressing. 

Of late other oxidising agents, such as sodium chlorate and 
potassium ferricyanide, have come into use, the reaction being 
aided by steaming. In these cases the material does not suffer 
corrosion. To produce fast red and blue articles, the fabric is 
printed with a discharge consisting of sodium bromate, aluminium 
chlorate, potassium iodide, and copper sulphide; then steamed, and 

dyed with alizarine. The function of the potassium iodide is stated 
to be the counteraction of the excess of oxidising agent, which 
could corrode the fabric (?). The copper sulphide acts as a carrier 
of oxygen. 

Potassium ferricyanide forms an admirable discharge for indigo, 
in presence of a strong alkali; the method is, however, confined to 

the production of a bright rose-red with rhodamine, in which case 
all the other colours that may be present are also produced as 
alkaline discharge colours. The colours are printed in association 
with potassium ferricyanide, then dried, and passed through a 
strong solution of caustic soda. 

The discharge of indigo blue with direct dyes has been 
proposed by the Farbenfabriken Fr. Bayer & Co. The vatted fabric 
is printed with a suitable dye (chrysophenine, brilliant geranine, 
etc.), mixed with potassium ferricyanide and magnesium carbonate 
(as the alkali), and then gently steamed for a quarter of an hour. 

The discharge of vat blue with azophore red is proposed by the 
Hoechst Farbwerke for the production of red and blue articles. 
The naphtholised vatted goods are printed with a mixture of 
azophore red, a little caustic soda (to neutralise the acid), and 
sodium bichromate, and then treated in the usual discharge bath for 
vat blue. 
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Turkey-Red Discharge Style-——There are two methods for the 
discharge of Turkey-red—the “ cuve décolorante” (decolorising vat), 
introduced by D. Koechlin, and the caustic soda discharge. 

In the first-named and older method, the discharge is effected 
by hypochlorous acid, the dyed goods being printed with a solution 
of tartaric acid thickened with dextrin, then dried and passed 
through a roller beck containing a solution of bleaching powder 
and quicklime. The lime renders the solution alkaline, and thus 
nullifies the action of the bleaching powder on the unprinted 
portions of the goods. The decolorising bath must be tested in 
advance in order to ascertain whether it has been set in a proper 
manner for securing the end in view. It should not be too 
alkaline, or the Berlin-blue here used for the blue discharge will 
be attacked. On issuing from the bath the goods must be squeezed 
and at once immersed in water. 

For yellow, use is made of a mixture of tartaric acid, citric 
acid, lead acetate, and a little nitric acid, with which the goods are 

printed; they are dyed out with lukewarm potassium bichromate 
after passing through the bleaching powder bath. The lime of the 
bleaching bath precipitates lead hydroxide on the printed impres- 
sion, which oxide is converted into chrome yellow in the potassium 
bichromate treatment. To complete the process, the goods are finally 
entered in dilute hydrochloric acid and then washed. 

For blue, the fabric is printed with a mixture of tartaric acid, 

oxalic acid, potassium ferrocyanide, and ferrous sulphate. The 
oxidising action of the bleach bath not only discharges the Turkey- 
red, but also develops the Berlin-blue. 

Green is produced by mixing the discharges for red and blue, 
and then treating in the same way as for yellow. 

At the present time the decolorising method is practically 
abandoned, the work being of a too delicate character. Difficulties 
arise in connection with the proper setting of the bleach bath and 
with the printing of the colours, which are strongly acid and loaded 
with pipeclay. The printing is performed on the Perrotine press. 

_ In the method now practised, the colour lake is dissolved by 
printing it over with a highly concentrated solution of caustic soda, 
followed by steaming. In this case as the ordinary Turkey-red, 
produced by alizarine, is too difficult to discharge, the goods are 
mordanted with sodium aluminate and dyed with flavopurpurine 
and anthrapurpurine. For yellow, the fabric is printed with sodium 
plumbate, and dyed with potassium chromate. Black is produced 
with aniline black; blue, with indigo by the Schlieper and Baum 
method—printing on the goods prepared with grape sugar. ‘The 
after-treatment is as follows:—The goods are exposed to damp 
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steam for one to two minutes, then hung for a day in the warm, 
washed, entered in 6° B, sulphuric acid, washed, dyed with 45° B. 

potassium monochromate, washed, soaped at 45°C., entered in 2° B. 

sulphuric acid, washed, passed through a bath of boiling bichromate, 
and washed again. 

The Chrome Discharge Style has latterly attained considerable 
practical importance, but is only applicable to soluble dye-stufts. 
The goods are padded, for example, with alizarine blue S and a 

chrome mordant, dried, printed with the discharge, and steamed. 
The discharge used consists of potassium ferrocyanide and an alkali, 
or mixtures of chlorates and bromates, as in the indigo discharge 
method. 

For the illumination of the article, and also for parti-coloured 
discharges, the direct dyes have been recommended ; but only a few 
of them (¢.g. chloramine yellow) are able to withstand the discharge 
reagents employed, 

The discharge of tannin dyeings is now a very important 
process, but is mostly applied to the tannin-antimony fixing agents 
previously brought on to the fibre, and not to the finished dyeing. 

The finished dyeings are discharged by printing with strong 
caustic soda and glucose, or with a mixture of ferrocyanide and 
chlorates, followed by steaming. Only a few tannin dyeings, how- 
ever, such as brilliant green, Capri-blue, methyl violet, auramine, 

pyronine, etc., can be discharged really well. 
Discharging Manganese Bistre.—The goods are printed with 

a discharge consisting of tin salt and citric acid, and then hung 
cold until the discharge is complete, after which they are passed 
through a cold chalk bath and washed. For coloured discharges 
use is made of basic dyes—malachite green and methylene blue,— 
as well as mineral pigments and colour lakes. 

The discharging of ice colours in the finished state is a 
matter of considerable difficulty, and is not even yet successfully 
accomplished. _ 

Recently a tin discharge, said to give good results, has been 
introduced for nitraniline red by H. Schmidt. 

According to a circular of the Hoechst Farbwerke, the bleach 
vat is applicable to the discharge of dianisidine blue; but the 
process is a very difficult one to carry out. The present practice 
for producing discharge effects with ice colours is to employ 
the chemical reserves, which will be described a little lower down. 

Discharging Direct Dyes.—In this case two discharges are 
used, one with tin salts, the other with zinc dust. The former are 

confined to colour discharges, the latter to white. 
Not all the direct dyes are suitable for the production of dis- 

18 | 
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charge effects, washing fastness being essential as well as sensitivity 
to discharging reagents. All the dyes that will discharge with tin 
salts will do so (generally still better) with zinc dust; and the 
latter will discharge the developing dyes in a satisfactory manner. 

The discharge for white is prepared by grinding zinc dust to a 
very fine state of division, in admixture with a little gum water 
and glycerine, in the indigo mill. It is then mixed with bisulphite 
and soda and cooled, thickened in a suitable manner, and printed 
by the aid of the circular brush. The engraving on the cylinder 
should be as coarse as possible and shallow, to prevent accumulation 
of the zinc dust therein. 

After the printing, the goods are steamed for one hour under a 
pressure of half an atmosphere, then passed through cold 2—3° B. 
sulphuric acid, and finally well washed. 

For coloured discharges, tin salt (stannous chloride) cannot be 
used alone, owing to its corrosive action on the fibre; and if 
neutralised with sodium acetate, does not discharge properly. For 

‘this reason a mixture of tin salt, tin acetate, and sodium acetate is 

employed, or the two first, along with a little citric acid and acetic 
acid. The dyes used for this style are basic dyes, and are printed 
on the goods in association with tannin and the discharge. After 
printing, the fabric is passed once or twice through the Mather and 
Platt, steamed with dry steam for a half to three-quarters of an 
hour, entered in a tartar emetic bath, and washed. Most of the 

basic dyes, however, are partially decomposed into their leuco- 
compounds by the discharge reagent during the steaming process, 
and, in order to remedy this, it is then necessary to pass the goods 
through a lukewarm solution of potassium chromate and dry on a 
hot drum. 

For colour discharges with direct dyes it has been proposed to 
use certain mordant dyes, such as buckthorn berries, gallocyanine, 
ceruleine, etc., the dye being printed along with tin acetate and a 
chrome mordant. | 

The following direct dyes are very suitable for discharging :— 
Diamine yellow, benzazurine, heliotrope, Congo-red, ete. 

4. Reserve Style Printing. 

This term is applied to the process whereby various substances, 
printed on the fabric, are employed to prevent either the absorption 
or development of the colours subsequently applied by padding or 
dyeing. Hence there is no difference in principle between dis- 
charging and some reserves which are known as discharge reserves. 

The chief reserve style articles are those with vat blue, tannin 
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dyes, alizarine rose, alizarine violet, ice colours, and aniline 

black. 
Reserve printing under vat blue is perhaps the oldest division 

of this industry; at present it is mostly produced in the hand- 
press. 

Use is made of a mixture of several substances, the reserving 
action of which is partly mechanical and partly chemical. The 
chief mechanical reserves are pipeclay and fatty bodies, which 
prevent the vat liquor from penetrating the underlying cloth. The 
chemical reserves consist of copper salts for the most part, these 
also preventing the fixation of the indigo on the printed places, 
inasmuch as the‘indigo blue is oxidised to indigo white if it should 
penetrate into the reserve coating, and is therefore precipitated in 
merely a loosely adherent manner on the reserve. 

After the reserve has been printed, the fabric is well dried, and 

is then dyed by short immersions in strong vat liquors, and finally 
soured and washed without friction. The continuous dyeing process 
cannot be used, since the friction of the guide rollers would dislodge 
the reserve. The foregoing method is applied to the production of 
white reserve patterns. For yellow, the reserve also contains lead 
acetate, and in this case the goods, after dyeing and souring, are 
passed through lime-water to neutralise the acid and treated in a 
warm bath of potassium bichromate at the rate of 11 oz. per piece 
of about sixty yards, whereby yellow lead chromate is formed on 
the printed parts. The same method is followed for green, except 
that the reserve is printed on a slightly blued ground instead of on 
white, so that the resulting chrome yellow combines with the under- 
lying blue to form green. 

Reserve with Tannin Dyes.—The method is performed as 
follows :—The unoiled stuff is first printed with a reserve contain- 
ing an antimony salt, and dried; the suitably thickened basic dye 
and tannin are next applied, well dried (otherwise the reserve will 
run), steamed under pressure for half an hour, entered in tartar 
emetic, washed with hot water, and finally soaped lukewarm. 

The reserve should contain as much antimony salt as possible; 
and, as tartar emetic is too sparingly soluble in pure water, it must 
be mixed with about its own weight of common salt before dissolving. 
The more readily soluble potassium-antimony oxalate makes a good 
reserve when thickened with dextrin, without any admixture of 
common salt. 

Reserves under Alizarine Rose and Violet. — For the 
production of these very handsome and important articles sodium 
citrate or tartaric acid is printed as a discharge reserve, dried, 
topped with the dye, and steamed. In the subsequent washing, 



276 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

the colour lake is thrown off from the reserved parts of the design 
on which it was unable to fix. 

Reserves under Ice Colours.—The processes under this head- 
ing have mostly been developed by the Hoechst Farbwerke. Dis- 
charge reserves are employed, and are printed on the goods 
previously prepared with naphthol, then dried, and padded with 
the corresponding diazo solution on one side. The goods are passed 
through a pair of squeezing rollers, the lower of which is slightly 
convex and dips into the slightly thickened diazo solution. 

The white reserve style is attended with great difficulties. 
Nitraniline red is easier to reserve if the Turkey-red oil in the 
naphthol preparation be replaced with tragacanth; though the red 
then comes out too dull and yellowish. The best results are 
obtained with potassium sulphite. For dianisidine blue and the 
a-naphthylamine dyes a good reserve is formed by a mixture of tin 
salt and magnesium chloride. 

Coloured reserves are prepared with tin salt, tartaric acid, and 
citric acid, along with basic dyes, chiefly thioflavine, auramine, 

rhodamine, methyl violet, and brilliant green. The amount of tin 
salt should be small, to protect. the reserve colours as far as possible. 
The goods, prepared with naphthol, are printed with the discharge 
reserve, the basic dye and tannin, then dried in the warm oxidation 
chamber or on hot cylinders (to fix the tannin dye), developed with 
the diazo solution, washed, and soaped. 

For the production of the red and blue article two different 
methods are employed. According to the process of the Hoechst 
Farbwerke, the goods, prepared with naphthol, are printed with 
diazotised dianisidine and ammonium persulphate, dried, passed 
through diazotised p-nitraniline to which a little ammonium oxalate 
has been added, and finally washed and soaped in presence of 
ammonium oxalate. The diazotised nitraniline combines with the 
8-naphthol to form red, except in those places occupied by the 
dianisidine impression, since the excess of @-naphthol there has 

been destroyed by the ammonium persulphate. The addition of 
ammonium oxalate to the diazotised nitraniline is for the purpose of 
preventing the browning of the nitraniline red by the copper in the 
dianisidine printing colour. | 

In the second method for producing the same article (Tschudi 
& Co.’s patent, transferred to the Farbenfabriken Fr. Bayer & Co.) 
the procedure is reversed, the goods, prepared with naphthol, being 
printed with a mixture of diazotised p-nitraniline and aluminium 
sulphate, dried, and passed through diazotised dianisidine ; the latter 
is reserved by the aluminium sulphate, and hence the development 
of the blue is confined to the unprinted portions of the fabric. 
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Reserves under Aniline Black.—This article is one of the 
most important in modern calico-printing. It is produced, by the 
aid of Prudhomme’s black, by first padding the fabric with the 
solution of aniline ferrocyanide, then drying and printing with a 
reserve consisting of sodium acetate, soda, and bisulphite, the black 

being afterwards developed as in ordinary dyeing. The process 
therefore rests on the circumstance that the aniline ferrocyanide 
black does not develop until steamed, and that this can be entirely 
prevented by the aid of alkaline reagents. Sodium aluminate or 
sulphocyanides can also be employed as reserve. | 

For the purpose of illumination, use is made of mineral pigments 
and basic dyes, the direct dyes being less suitable by reason of their 
inferior brightness. The mineral colours, as well as various colour 
lakes, are also fixed with albumin. When basic dyes are used, the 

stuff is padded with a solution of aniline ferrocyanide containing 
tannin, then dried, and printed with a mixture of dye, tartar emetic, 
and sodium acetate, the black being developed by steaming. 

The newest process for producing the Prudhomme article con- 
sists in printing the stuff with a reserve composed mainly of zine 
oxide, then drying, and afterwards padding with aniline ferrocyanide 
solution. Compared with the former method, it offers the advan- 
tage of rendering it less necessary to print the goods before oxidation 
has had time to commence. 

5. Topping Printing. 

In this method, goods that have already been printed and dried 
are put through the press again and topped with colour, either all 
over or in the form of a pattern. In the former event the colours 
must be in very pale tints, since otherwise the colour of the under- 
lying pattern would undergo a too extensive alteration. 

The colours. used for complete topping are—alizarine rose, chiefly 
for the alizarine rose article; alizarine violet, for the corresponding 
violet article, white reserve being usual in both cases; further, 

various direct dyes—chloramine yellow, a few diamine yellows, 
chrysamine, chloramine brown, brilliant geranine, diamine pure blue, 
diamine violet, etc. For the most part these are applied along with 
the dressing, and not in the press. 

A further application of the same process is when it is desired 
to dye fabric on the one side only, in which event the stuff is 
printed with a thickened mordant solution, fixed, and dyed. 

The object served by topping a design is either the production 
of a mixed shade by the superposition of two dyes, or else the 
discharge of the topping colour on the parts already coloured. In 
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the latter case the ground colour must contain an addition of a 
reserve for the topping colour. : 

Although the method enables the production of some very 
special effects, it is cumbrous and tedious, especially when several 
colours have to be applied. The ground and topping colours can- 
not be applied at the same time, since they would come together 
in a wet state, and thus produce a mixture of an unanticipated 
character, or else run. According to Casanova, however, this 

simplified method of the topping process becomes possible if an 
addition of turpentine be made to the printing colours. 

Wool-Printing. 

It is only of late that wool-printing has been practised to any 
great extent, and it is still far from being as important an industry 
as that of calico-printing. 

The material to be printed must be carefully cleansed. Fine 
goods and yarns are also first bleached, an operation now performed 
exclusively with hydrogen peroxide and bisulphite. (See Wool- 
Bleaching). 

At an early period it was observed by J. Mercer that in printing 
half-woollens the dye was very imperfectly taken up by the wool. 
This he attributed to the reducing action of the wool, probably in 
consequence of the liberation of the contained sulphur, in the form 
of sulphuretted hydrogen or sulphurous acid, by steaming. Con- 
sequently he recommended that the wool should be prepared by 
chemicking, a method that is still generally practised. 

Most dyes show up much fuller on chemicked wool, though 
the operation must be performed with great care, or the wool will 
become yellow and rough. In the case of combed sliver especially, 
the chemicking must be very slight, since otherwise the spinning 

‘ and fulling properties of the fibre will be affected. In this case 
it is better to insufficiently chemick the wool, and to add a little 
sodium chlorate, as oxidising agent, in preparing the printing colour 
from dyes that are sensitive to the action of reducing agents, eg. 
azo dyes. For eosines no chemicking is necessary. 

A second method of preparing the wool consists in precipitating 
stannic acid on the fibre, a treatment that increases the brightness 
of most printing colours, and also fixes some of them (the eosines, 

for instance) better. 
As in the production of multi-coloured articles the most diver- 

gent dye-stuffs are used, it is customary to employ both preparations 
in the case of finer goods. In such event the goods are damped 
and padded twice with a 34° B. solution of sodium stannate, after 
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which they are left covered up for some time, and then passed 
through 2° B. sulphuric acid, to fix the tannic acid, followed by 
immersion in a solution containing 4 per cent. by volume of 3° B. 
sodium hypochlorite and 0°43 per cent. of 66° B. sulphuric acid 
(this being less likely to yellow the wool than bleaching powder 
and hydrochloric acid). The chemicking bath must be kept re- 
plenished by a constant influx of a more concentrated solution, 
since otherwise the first portions of the goods would be more 
strongly chemicked than the rest. 

Hand and cylinder presses are used for printing, as in the case 
of cottons; common and very wide goods are printed by hand, wool 
muslins and similar fine goods by the cylinder press. The cylinders 
must be deeply engraved, and a very elastic pressure secured by the 
use of thick soft blanket on the backing rollers. The printed goods 
should be dried very gently. 

The dyes used in wool-printing are in general the same as for 
dyeing this fibre—chiefly acid dyes; and dextrin British gum, and 
gum, are used for thickening. The printing colours are almost 
invariably prepared with an addition of an organic acid, chiefly © 
acetic acid, though in some cases tartaric acid or oxalic acid is 
preferable. For light tints and dyes that equalise with difficulty, 
it is advisable to employ slightly ammoniacal printing’ colours. 
When the colours are required to remain slightly moist after 
drying, a little glycerine (5-8 oz. per gallon) should be added 
to the printing colour. 

Printing is succeeded by steaming, which fixes the colour. 
This operation must in this instance be performed damp, since the 
majority of printing colours on wool do not develop properly under 
dry steaming; on the other hand, excessive moisture is injurious, 
since it makes the colours run. Consequently, in order to ensure 
correct results, the steaming must be effected in presence of a pre- 
determined and readily controllable quantity of moisture, a condition 
fulfilled by enveloping the goods in cotton cloths previously im- 
pregnated with a definite quantity of water (10-20 per cent. of 
their own weight) by padding or sprinkling. This weight can be 
ascertained by weighing these backing cloths before and after 
damping. Steaming is continued for an hour to an hour and a 
half, according to the dye, and mostly without pressure. A careful 
washing follows, in order to prevent the soiling of the white by 
the dye; finally, the stuff is slightly dressed with gum, glycerine, 
or starch, 

Wool-printing is therefore a far easier operation, and one 

presenting fewer technical difficulties, than calico-printing ; in fact, 
the now so popular discharge printing is the only difficult form. 
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In this case the chief question is, which of the dyes are suitable for 
discharging, and which capable of properly resisting the action of 
the discharge reagents. 

As in discharging the direct dyes on cotton, coloured discharges 
are here effected with tin salt, and white discharges with zinc dust 
and bisulphite. 

Most of the azo dyes discharge well, though here, as in the direct 
dyes on cotton, there exist difficulties that have not yet been over- 
come. 

The dyes best resisting the discharging action of tin salt, and 
therefore constituting the most suitable dyes for coloured discharge 
style, are—the majority of the basic dyes, the eosines, and the acid 
dyes of the triphenylmethane series. 

The colour discharges contain 10—20 per cent. and upwards of 
tin salt, and about 5 per cent. of sodium acetate. After printing, 
the goods are steamed for an hour without pressure. The discharge 
dyes develop best on wool that has been chemicked and prepared 
with tin. The amount of tin salt depends chiefly on the sensitivity 
of the dye in question, but also on another circumstance, viz. that 
in some instances it is not necessary to fully discharge the dye. 
For example, when a naphthol black dyeing is printed over with a 
blue discharge containing about 15 per cent. of tin salt, and is 
afterwards steamed, a sufficiently pure discharge blue is obtained; 
on the other hand, for an equally good discharge red, 20 per cent. 
of tin salt is necessary. 

For white discharges, the discharge must contain about 40 per 
cent. of tin salt, and the goods must be damp steamed for ten 
minutes. However, as it is impossible to produce a pure white in 
this way, recourse must be had to the second discharge reagent, 
prepared with zinc dust, bisulphite, and a little soda and glycerine, 
the reaction being completed by steaming for an hour without 
pressure. 

Silk-Printing. 
The same methods and printing colours are used for printing 

silk as in the case of wool, except that no preparation of the fabric 
is necessary, and that dry steaming is practised. After steaming, 
the goods are for the most part only carefully washed, the colours 
revivified as in dyeing, and given a slight dressing. 

In this case also an important part is played by discharge 
printing with the same discharges; in contrast, however, to wool, 

a number of effects can be produced on silk by reserve printing 
(with fatty reserves) and dyeing. 
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Printing Yarns, Warps, and Combed Sliver. 

The printing of yarns is a comparatively young industry, but 
one that is constantly increasing in importance on account of the 
possibility of producing a variety of patterns by weaving the partly 
coloured yarns. Formerly it was the practice to tie the yarn 
together and dye it at intervals of its length, and subsequently 
the hand-press was employed for this class of printing; but at 
present the work is done exclusively on printing frames of special 
construction. | 

The printing of combed sliver is termed “ Vigoureux printing,” 
and has latterly come very much to the front. The printed sliver 
is used for the production of mixtures, to which it imparts a very 
uniform appearance. 

The composition and method of fixing the printing colours are, 
in the main, the same as in cloth-printing. 



CHAPTER VI 

DRESSING AND FINISHING 

THE operations of dressing and finishing comprise all the treatments 
- employed to impart to the fabric the special feel and appearance 
likely to render it most attractive to the purchaser. 

The number of methods employed in the finishing of eet is 
almost beyond count; they may, however, be all classed under two 
heads— _ ! 

1. By impregnating the material with various substances ; 
2. By subjecting it to a small number of mechanical operations, 

which, however, are performed in very different modifications. 
The finishing of fabrics almost entirely belongs to the domain of 

mechanical technology, its practical performance being only in a 
very few instances (such as calico-printing) the task of the chemist. 
Nevertheless a certain degree of acquaintance with this branch 
of the subject is necessary to the dyer’s chemist, on the one hand 
as supplementing his special knowledge, and, on the other, to enable 
him to detect many defects that may arise in the course of the 
various operations coming under the head of the finishing process, 
which he would otherwise be unable to do. 

Finishing may in part precede dyeing, in which event the first 
part of the process will be the task of the dyer, whereas the 
remainder is frequently performed in special establishments—“ the 
finisher’s.” 

In the cotton industry the term finishing applies exclusively to 
the concluding stages of manufacture. 

The complete description of this entire process in all its many 
ramifications can only be given in a work specially devoted to the 
subject; and the author will therefore confine himself in the 
following to the means employed in this stage of the manufacture. 

The substances used in the finishing process are— 
1. Such as are intended to render the material hard and stiff. 

These comprise chiefly the various starches—wheat, potato, rice, and 

maize starch; also several starch derivatives, such as dextrin and 

apparatine ; furthermore, gum, tragacanth, size, vegetable mucilage, 
decoctions of lichens and alge, etc. 

282 
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Of these materials the most frequently used are wheat starch, 
potato starch, and dextrin. The softest dressing is furnished by 
dextrin, next in order coming potato starch. 

Apparatine is a product prepared by treating starch with caustic 
soda in the cold, the excess of alkali being neutralised with an acid 
after the reaction has continued for about two hours. Appartine 
imparts greater stiffness to the material and is less easily washed 
out than any other dressing. | 

2. Fatty substances, such as tallow, stearin, paraffin, waxes, 

oils, Turkey-red oil, etc., to render the stuff soft and glossy. 
3. Hygroscopic and softening materials, to diminish the stiff- 

ness of starched goods,such as glycerine, magnesium chloride, zinc salts, 
ammonia salts, etc. Too much of these adjuncts must not be used, 
or the cloth will become wet and flaccid on exposure to damp air. 

4. Loading Ingredients.— China clay (a fine white clay), 
kaolin, insoluble salts of lime and baryta, ete. 

5, Colouring for the Dressing Preparations.—Chief of these is 
ultramarine, which is so largely used in “blueing” cottons and 
linens, its object being to convert the yellowish tinge of the goods 
into a more or less pure white. In printed goods the selection of 
the correct shade of ultramarine is a matter of some moment, since 

here the degree of whiteness may vary. Some of the ingredients 
used in the dressing (eg. China clay) absorb ultramarine, the shade 
of which is then modified accordingly. 

Ultramarine is difficult to moisten with water, and should 

therefore be mixed to a paste with a little alcohol. Dressing pre- 
parations containing this colour should not be kept long or they 
may turn sour, to the detriment of the ultramarine, which is 

sensitive to acids. To impart a strong blueing to any fabric, it is 
better to apply a weak ultramarine dressing two or three times 
over than to treat once with a stronger preparation. : 

Other colouring matters employed in dressing preparations are 
Berlin-blue, ochres, direct dyes, basic dyes, etc., either to impart 

a given shade of colour to a white or printed surface, or else to 
prevent the colours being dimmed by a_ superimposed white 
dressing. 

6. Metals or their sulphides, in the state of fine powder, for 
the purpose of producing a metallic lustre. They are prepared by 
heating the metallic sulphides with fatty substances or by mixing 
different metal powders, and can be purchased ready for use. They 
are applied to the fabric by dusting or printing. 

7. Waterproofing is effected by the application of fatty bodies, 
caoutchouc solution, salts of alumina or magnesia, etc., either 

together or separately. The most important process is the water- 
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proofing of woollen goods, which is generally effected by first im- 
pregnating the material with a 2~—3° B. solution of aluminium 
acetate and then passing through steam containing an admixture 
of fatty substances. | 

8. Fireproofing, or at least non-inflammability, is secured by 

applying to the stuff a considerable quantity of various salts, such 
as borax, ammonium phosphate, salts of magnesia, silicates, tung- 

states, etc. The last-named salts, sodium tungstate in particular, 

are said to give the best results. 

9. Antiseptics for the Prevention of Mould.—The majority of 
the means proposed for this purpose are no use, e.g. tannin, camphor, 
oxalic acid, boric acid, etc.; the most efficacious are zinc chloride, 

zinc sulphate, and salicylic acid. 

The dressing preparations are compounded with the assistance 
of the ingredients specified above. Sometimes they contain only 
a single ingredient, eg. a starch, dextrin, gum, size, Turkey-red oil, . 

etc., applied in the form of a solution or paste; mostly, however, 
several are employed together, eg. wheat starch and potato starch, 
or starch and fat, or hygroscopic substances. The number of 
ingredients may amount to as many as ten, which are mixed 
together and boiled in the same class of pan as that already 
described for starch thickening; the product is passed through a 
strainer. | 

In most cases the finishing process is not completed by the 
application of the dressing preparation to the goods, a further 
mechanical treatment being required to aac the desired feel and 
appearance to the stuff. 

_ Dressing preparations are confined almost exclusively to cottons 
and linens, the finishing of woollen and silk goods being usually 
effected without the aid of these preparations, and merely by 
mechanical treatment; and even where used at all on these latter 

goods these dressings are of very simple constitution. Solutions of 
gum, dextrin, or tragacanth are used for silks, and solutions of gum, 
size, vegetable mucilage, magnesium chloride, etc., for woollens. 

The application of the dressing preparation is in nearly all cases 
made to the back of the fabric, and is performed in different ways, 
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according as the quantity used is great or small. This method 
of working is particularly advantageous in the case of printed 
goods since otherwise the printed colours would be dimmed = by 
the dressing. 

The simplest way is to pass the goods, face upwards, between a 
pair of rollers, the under one of which is covered with a layer of 
cotton and dips into a trough containing the dressing preparation 
(Fig. 42, a); the heavier the pressure applied to the rollers the 
smaller the quantity of dressing that will be left in the fabric, and 
the farther will it be forced into the material. Another way is to 
arrange below the pressure rollers a third, which dips into the 
dressing and distributes it on to-the under roller of the pair (0 in 
Fig. 42), For conveying still smaller quantities of dressing prepara- 

Fie. 43. 

tion on to the fabric, use is made of a stippled under roller, fitted 
with a scraper (¢ in Fig. 42). When the dressing is to be pressed 
as little as possible into the substance of the fabric, the arrangement 
shown in d, Fig. 42, is employed. 

Finally, to apply the dressing equally to both sides, the stuff 
itself is passed through the i gas and is then squeezed between 
a pair of rollers. 

Where, as in the case of thin preparations containing ultra- 
marine, there is a likelihood of the ingredients becoming separated, 
a stirring device is provided in the trough; the latter can also be 
heated in case the application of hot dressings is advisable. 

Sometimes, in the case of woollen or silk goods, the dressing is 
applied with a sponge to the back of the stuff stretched taut in a 
frame. 

After applying the dressing, the next step is to dry it, for which 
purpose use is made of the cylinder drying machine (in the case of 
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cottons and linens), z.e. a number of heated metal cylinders, gener- 
ally arranged in two rows, as shown in Fig. 43. 

When it is desired that only one side of the material should 
come into contact with the heated cylinders, these of the lower row 
are replaced by unheated wooden rollers. This class of drying 
machine is employed also for drying goods that have not been 
dressed. In‘some cases a single large drying cylinder is used, or 
the goods may be dried on frames (see below) or in the air (silks 
and woollens). | 

Frequently the necessity arises for straightening out the goods 
and stretching them out to their proper width. In such event the 
drying is effected on the tenting frame, of which there are several 
modifications. They may, however, all be divided into two main 
types—the circular frame, consisting of a large drying cylinder, 
fitted on both sides with adjustable stretchers, and the ordinary 
horizontal tentering frame, wherein the fabric is conducted 
over steam plates and hot pipes by means of two _ hooked 
endless chains. The stretching device can be adjusted to agree 
with the desired breadth of the fabric under treatment. There 
are also stationary tentering frames, in which the cloth is held 
on the stretch, without motion; these are chiefly used for light 
cotton fabrics, muslins, tarlatans, etc., and consist of wooden 

frames, the sides of which are movable, and are provided with 

clamps for holding the fabric. The latter, when treated with 
the dressing preparation, is stretched in the frame, which is of 
the same length as the piece of cloth; it is then stretched to the 
desired extent, and left to dry in the frame. Similar frames 

are also used for woollens and silks. Sometimes the sides of the 
tentering frame are provided with an alternating reciprocal move- 
ment, so that the material can be kept moving to and fro whilst 
drying, in order to distribute the dressing preparation embedded 
between the individual threads of the fabric, and thus impart a 
greater uniformity of appearance to the whole. | 

In finishing cotton goods, the following operations are employed, 
in addition to those already mentioned :—Damping, gassing, shearing, 
raising, calendering, mangling, beating, moiréing, stamping, folding, 

lapping, measuring, and pressing. Of these processes two are 
employed at a much earlier stage than the rest; gassing before 
bleaching, and shearing after bleaching is completed. 

Shearing is performed in order to remove coarse irregularities, 
loose ends, naps, etc., and is an indispensable operation in the case 
of printed fabrics, since these irregularities would spoil the im- 
pression, by preventing the access of the colour to the underlying 
body of the fabric, and thus leaving white marks in the pattern on 
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the subsequent removal of the loose ends and naps. Various forms 
of shearing machine are-employed, the cutting being usually effected 
by a revolving cylinder, carrying a number of spiral steel blades, 
working against a fixed horizontal knife. The fabric is first passed 
over brushes which raise up the loose ends, fibres, etc., into position 

for removal by the cutting mechanism. Usually these machines 
are fitted with two sets of cutters and several brushes, to enable the 

stuff to be shorn on both sides. 
After leaving the shearing machine, the pieces are opened and 

brushed, to remove the cut fly, and are then finished—-if to be left 
white—or dyed, printed, etc. 

Damping follows starching and drying, in order to fit the goods 
for the subsequent treatment, the fibres lacking the requisite flexi- 
bility when dry. The damping machine employed for this purpose 
consists chiefly of a quick- 
running brush, partly im- 
mersed in a trough of water, 
which is thus discharged, in 
the form of a fine spray, on 
to the goods as they are 
drawn by. A screen of fine 
gauze is interposed between 
the brush and the goods in 
order to keep back large drops 
of water, which would other- 

wise render the damping 
irregular. 

Goods intended for stiff 
finish are not put through any 
further finishing process, pro-— 
perly so called; but those 
required to exhibit softness 
and lustre are next calendered. 
The calendering machines 
used, for the most part, consist Fig. 44. 

of three superimposed rollers, 
subjected to heavy pressure, the middle roller being of steel, the other 
two being made of -paper (Fig. 44), by pressing a number of layers 
of very good class paper upon steel cores. The use of steel rollers 
throughout would be calculated to damage the fibre under the heavy 
pressures employed. According to the effect desired, the goods in 
the calender may be fed either between two of the cylinders or all . 
three. This treatment breaks up the cohesion of the dressing 
preparation, and imparts softness and gloss to the fabric. Hot 
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calendering gives a better gloss, and therefore the steel cylinder is 
provided with a steam-heating arrangement. ‘To obtain the highest 
degree of gloss, the goods are put through the friction calender, 
which has two steel cylinders and an intermediate paper one, the 
friction being produced by running one of the steel cylinders faster 
than the other. The effect is sometimes heightened by giving the 
steel cylinder a lateral motion as well. Ifa single passage through 
the machine does not produce the desired result. the operation is 
repeated. Calendering machines are now made with a larger number 

of rollers (up to six). : . 
The action of the calender greatly depends on the nature of the 

dressing preparation employed. Thus, if the fabric be dressed 
merely with wheat starch, it cannot be raised to any special degree 
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of softness and gloss by repeated calendering, the operation being 
therefore restricted to crushing the dressing. For glossy finish, use 
is made of fats, waxes, stearin, etc. 

Sometimes unstarched goods are calendered, the object being to 
make them denser in texture, in order to retard the penetration of 
the printing colour or the subsequently applied dressing preparation. 

A process similar to calendering is that of mangling. Box- 
mangles are generally used, consisting of rectangular wooden boxes 
(Fig. 45) filled with stones and lumps of old iron, and run to and 
fro over a couple of rollers, on which the fabric to be mangled is 
wound tightly and without creasing. The goods must be damped 
in a perfectly uniform manner, since otherwise the fabric might 
become weakened under the enormous pressure applied. According 
to the finish in view, the rollers are large or small, and made of 

wood or metal,—large wooden rollers furnishing the best gloss of all. 
As a rule, the goods are left in the mangle during four to six 
double traverses of the weighted box. 
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Beetling is a stamping process which produces an atlas-like 
gloss. The goods are wound on a wooden roller, covered with 
calico and situated underneath a row of wooden stamps actuated 
by lifting cams (Fig. 46). There are usually two pieces in a 
length, and three lengths side by side on each roller, 

In the section shown in the drawing, the lifting cams are 
represented by 0, and are mounted, spirally, on the shaft a; ¢ is 

one of the wooden stamps; ¢ is the full roller in the machine; d, 

one that is finished, and /, one filled with cloth ready for insertion 
in the machine. 

The rollers revolve at slow speed, and at the same time are 
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Fic. 46, 

moved to and fro longitudinally. After being beetled for about 
half an hour, the goods are taken out, wound on another similar 

roller, and put through the same treatment over again. 
| In the new Mather and Platt beetles, the wooden stamps are 
fastened to metallic springs and are much more productive than 
the older form. They have not yet, however, been able to entirely 
displace the older machines, the latter furnishing better results in 
point of quality. 3 

Some fabrics are moiréd or stamped. 
Moiré or watered effects are optical effects produced by com- 

pressing some parts of the threads flat, and leaving the remainder 
19 
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in their natural condition, thus producing the impression of a 
pattern. 

Various methods are employed for this purpose— 
1. By running the fabric double through the calender ; 
2. By mangling; 
3. By calendering between two rollers, one of which is smooth, 

the other engraved with a large number of mutually intersecting 
lines ; a lateral movement is also imparted during the rotation ; 

_4, The fabric is subjected to the action of an engraved roller 
bearing a moiré design. 

Soft fabrics alone are suitable for this process, and consequently 
fatty dressing preparations are employed. 

Stamping consists in producing a raised design by the aid of 
an engraved roller, and can therefore only be practised on soft 
finish goods. A three-cylinder calender is employed, the middle 
one being of metal and engraved, the two others of paper. 

Some goods finished with fatty dressings are also lustred or 
glossed by ironing with a steel iron. 

The final operations in finishing cotton goods consist of folding, 
lapping, measuring, and pressing, each effected by the aid of special 
appliances. Pressing, the object of which is to reduce bulk, is 
mostly performed in hydraulic presses where a large number of 
pieces, arranged side by side and piled one row on another, and 
separated by plates of zinc or boards, are treated at one operation. 

The selection and performance of the foregoing operations in 
the finishing process depend on the quality of the goods, and may 
differ considerably. Some white goods are not dressed at all, but 
are simply damped and calendered hot (so-called “natural finish”). 
Hard finish is produced by merely starching and drying, and “ half 
smooth ” finish by a second calendering, etc. 

Raised goods (flannels, fustian, calmuck, etc.) require a special 
treatment to produce a soft nap or pile on one or both sides of the 
stuff. This is effected in the raising machine, which mainly con- 
sists of horizontal cylinders arranged in a semicircle and fitted 
with a number of steel points. One part of the set is moved in 
‘one direction, the rest in the opposite direction. The goods to be 
raised must be perfectly dry. Raising is applied to both white 
and coloured or printed goods; in the latter cases the raising may 
be effected before or after dyeing or printing. 

Raised cotton goods of this kind serve as cheap imitations of 
woollen goods. 

Linens are finished in just the same manner as cottons. In 
this class of goods the beetling process plays a very important part, 
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and imparts to these fabrics their highly prized gloss. Linens are 
not put through the raising process. 

Hemp and jute goods are generally calendered under heavy 
pressure, in order to press the threads out flat, and thus give the 
fabric a closer appearance. 

The finishing of silk goods resembles that of cottons, inasmuch 
as the same operations, or nearly so, are employed in both cases. 
However, as stated in the introduction, silken fabrics are rarely 

stiffened with dressing preparations; and these, when used at all, 

are of very simple constitution, containing nothing but gum, dextrin, 
or size. 

Each separate quality and kind of fabric requires special 
treatment. Asa rule, the fabric, on leaving the loom, is cleaned 

by means of steel roller brushes, then shorn or gassed, rubbed with 
smoothly polished steel plates to straighten out the threads, and 
eventually coated, while in a stretched condition, with dressing 
preparation, applied on the back; then dried and pressed or 
ealendered. Properly woven silk goods are mostly only warm 
pressed after the projecting fibres have been removed and the 
threads straightened out and stopped. The pressing is effected 
either in the press, with hot plates, or in the calender. The finest 
silks are merely smoothened by cold pressing. These fabrics are 
neither raised, beetled, nor mangled. 

Finishing Woollens.—Woollen fabrics are put through a more 
complex finishing process than any other kind of textile goods. 
The methods employed depend on whether the fabric belongs to 
the woollen or the worsted class. In either case a large number 
of operations have to be gone through, according to the quality, 
etc., and these consist of various mechanical treatments, the applica- 
tion of dressing preparations being seldom resorted to. 

Of the operations already described, those of beetling, mangling, 
moiréing, and relief-stamping are never applied to woollens; and 
the other processes of tenting, shearing, raising, and pressing are 
performed in a different manner from that practised in the case 
of cottons. 

Shearing is effected in special shearing machines. Raising is 
an important operation, especially in the case of woollen cloths, 
and is performed with card clothing nailed on wooden rollers, a 
series of these rollers, arranged in a semicircle, forming the principal 
feature of the raising machine. Dull carding pins are employed 
in the first stage, in order to bring up the nap slowly, with a 
minimum of injury to the felt, and develop the pile in a gradual 
manner. Subsequently sharper pins are used to stroke out the 
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pile, smoothly and in one direction, on the surface of the 
cloth. 

The fabric must be raised in a damp state, since when dry 
the fibres are not sufficiently supple, and are liable to injury during 
the process. On the other hand, the fabric must not be too wet, 
or the carding pins will become too soft. The longer the cloth is 
raised in a semi-wet state, the better the gloss and the more 
firmly will the nap be stroked down on the surface. » 

Pressing is a far more important operation in the finishing 
of woollen goods than in any other fabrics, and is performed in 
a special manner for each different class of material. Hot pressing 
alone is given, since it is only by heat (or moisture) that the 
wool hairs are rendered flexible. Hydraulic presses are generally 
used, the goods being piled up, a number of pieces together, with 
hot metal sheets between each two pieces, and layers of millboard 
between the separate folds of the cloth. The modifications of this 
operation consist in differences of duration and degree of pressure 
applied, the greatest lustre being obtained by prolonged exposure 
to heavy pressure. To produce high lustre the cloth is pressed 
several times under heavy pressure and for some hours at a time, 
being often left in the press all night. The pressure is applied 
lightly at first and increased afterwards. Some woollens are pressed 
for only a few minutes, the object in such cases being merely to 
smooth them out without producing any lustre. 

A variety of continuous pressing, usually employed as a pre- 
paration for the actual process, is effected on the trough press, a 
machine consisting of a trough-shaped metal plate in which a metal 
cylinder slowly revolves, both being heated. The fabric passes 
slowly between the cylinder and the plate, and is thereby gently 
pressed and smoothed. 

The finishing of woollens also comprises three operations that 
are unknown in the finishing of other fabrics, viz. steaming, crabbing, 

and fulling or milling. 
The steaming process is also known as “ decatiring,” from an old 

French word meaning to deprive of lustre, though, as a matter of 
fact, this sense of the word is only applicable to one modification of 
the process, namely, the removal of the greasy lustre produced on 
woollen cloth by pressing, the pile of the cloth being caused to stand 
up a little by passing the fabric over an arched plate of perforated 
metal through which a current of steam is being passed. 

In the process of steaming, properly so-called, the fabric is 
. wound tightly around a perforated metal cylinder, through the axis 

of which steam is admitted to the interior. The steam renders the 
pile soft and plastic, and fixes it in the position it has been caused 
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to assume by the mutual pressure of the superimposed layers of 
cloth. The more tightly the stuff has been wound on the cylinder 
and the longer it is steamed, the greater the resulting lustre. 

Some articles are steamed for a long time, and then left to cool 
down before being unrolled from the cylinder; others, again, are 
steamed for only a few minutes, and immediately unwound; from 
which it is evident that, like pressing, this operation can be per- 
formed in a variety of ways. 

In other cases, again, the goods on the steaming cylinder are 
immersed in a vat or chest into which steam is admitted, 7.¢. steam 

is applied to both sides of the goods at once. 
Crabbing is a mild form of steaming applied chiefly to half- 

wool goods. In this operation the goods are more or less tightly 
wound on a roller, which revolves in a vessel of hot water. ‘This 
treatment softens the pile and fixes it in its existing position, with 
the result that the subsequent displacement likely to occur, owing 
to different degrees of hygroscopicity in the fibres of these mixed 

fabrics, is retarded. | 

Fulling or milling is principally employed in the production of 
woollen cloth, and is an operation based on the felting capacity of 
wool fibre. In performing this treatment, the woollen fabric is 
fastened end for end like a sack, and impregnated with a solution of 
soap in a fulling mill (see Fig. 47), where it is left for some 
considerable time. 

The fulling mill consists chiefly of two adjustable rollers, 
@, 4), through which the material is passed in its full breadth; ¢,, c, 
are the real milling rollers; d is a conduit in which the goods are 
pressed into folds; ¢ is the flap closing the outlet of same, and / the 
spring acting on this flap. 

Fig. 47 also shows the feed conduit, b; the band of cloth, 7; 
a perforated board, h, which tips up when a knot occurs in the 
band, and thus stops the machine; 7 is a flap through which the 
fulling liquor is introduced, and & is the door. 

The effect of the milling process is in direct relation to the 
length of exposure, and also depends on the setting of the aforesaid 
rollers. Thus, for example, a piece of cloth 50 yards long can be 
milled until the length has shrunk to 30 yards; again, military 

blankets can be shrunk from their original dimensions of 113 ft. by 
82 ft. to 5 ft. by 65 ft. in about four hours. 

Slight milling is also applied to some worsted fabrics, and even 
to mixed fabrics, special effects being often produced by this 
means. 

- The process known as “ impregnation ” is often combined with 
milling, and consists of incorporating shorn hairs with the fabric 
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by adding to the latter in the fulling mill as much as 20-25 per 
cent., and sometimes up to 70—80 per cent., of its own weight of 
the pile hairs obtained by shearing the cloth. These are applied to 
the underside of the material, with which they become incorporated, 

thanks to the felting property of the fibres. | 
Much has been written and discussed of late respecting the 

acid process of milling, wherein the soap solution is replaced by 
sulphuric acid. Up to the present, however, the method has only 
given good results in the manufacture of felt. 

Finally, a process of curling is employed, chiefly for the 
purpose of imparting a curly appearance to the surface of winter 
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overcoatings. In this process a plate, fitted with a brush, is pressed 
on the damped cloth, and set in motion in various ways, mostly 
rotatory, the motion influencing the style of curl produced. 

The complex character of the finishing process applied to 
woollen fabrics may be gathered from the following summary of the 
operations comprised in two very common modes of finishing :-— 

1. A smooth, so-called “Oriental” cloth, on issuing from the 
loom, is first washed with soda, then milled, carbonised, raised twice, 

tented, shorn, passed through the trough press, pressed in the 
hydraulic press, and steamed. Up to this point it is immaterial 
whether the stuff has been dyed in the wool or will be in the piece 
but from this stage onward their treatment is different, piece-dyed 
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goods being then dyed, washed, dried on the tenting frame, shorn, 
and (generally) pressed thrice. Wool-dyed goods are damped, raised, 
shorn, pressed, steamed, and pressed twice. 

2. Worsteds are mostly nepped, washed with soap and soda, 
dried, gassed, brushed, gassed, damped, steamed, tented, dyed, washed, 

crabbed, tented, shorn, pressed, steamed, and pressed again. 
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Compiled by Miss GRacE GREENWOOD, B.A. Lond. 

Acetic acid, 141, 169, 249, 259, 268. 
Acetine, 255. 

blue, 255. 
Acid black, 216. 

brown, 210. 
dyes, 267, 280. 
dye-stuffs, 138, 260. 
for scarlet, 161. 
green, 138, 210, 223. 
green, extra concentrated, 223, 224. 
mordants, 115. 
orange, 215. 
process of milling, 294. 
soaps, 123. 
spotting, 41. 
stains in carbonising, 94.’ 
violet, 138, 158, 210. 
violet N, 223. 
violet 6BN, 223, 224.. 

Acridine, 143. 
_ Adjective dyes, 154. 
African giant hemp, 16. 
‘* After-chroming,” 146, 157. 
Agave fibre, 2. 
Albumin, 249, 269, 271, 277. 

dyes, 2, 200, 264. 
dye-stuffs, 256. 

Alizarine, 96, 162, 171, 175, 212, 260, 264, 
268, 269, 271. 

black, 159, 167, 216, 254, 261. 
blue, 155, 190, 254, 261. 
blue 8S, 273. 
blue-black B, 216. 
Bordeaux, 254. 
cyanine, 190. 
cyanine 3G, 216. 
eyanine black G, 216. 
drab, 215. 
dyes, 155. 
orange, 102, 155, 167, 210, 216, 218, 

254, 260. 
‘red, 102, 112, 155, 167, 210, 216, 248, 

265, 266, 268. 
rose, 266, 275, 277. 
rose-red, 102. 
rose, reserves under, 275. 
violet, 106, 275, 277. 
violet, reserves under, 275. 
yellow, 155. 
yellow GGW, 167, 211. 

Alkali blue, 141, 210, 223, 261. 
violet, 223. 

Alkaline discharge, 270. 
Alpaca, 45, 46. 
Alum, 97, 103, 162, 179, 210. 

Alumina, 95, 269. 
mordants, 102, 260. 

Aluminium acetate, 99, 104, 255, 268, 284. 
chlorate, 271. 
chloride as carbonising agent, 93. 
fluoride, 106. 
hypochlorite, 57. 
mordants, 160. 
pyrolignite, 105, 180, 268. 
sulphate, 97, 103. 
sulphocyanide, 105, 258. 

American wool, 37. 
Amethyst, 102, 160. 
Amidoazotoluol, 192. 
Ammonia, 162, 

salts, 283. 
Ammonium carbonate for wool-washing, 

citrate, 269. 
hypochlorite, 57. 
oxalate, 276. 
persulphate, 276. 
phosphate, 284. 
ricinolate, 192. 

Angora goat, 45. 
Aniline black, 106, 114, 195, 219, 272, 275. 

history of, 257. : 
reserves under, 277. 

Aniline drab, 215. 
ferrocyanide, 277. 
tartrate, 258. 

Animal fibres, 122. 
hairs, 34. 

Anthracene acid black, 216, 217. 
blue, 167, 190. 
blue WG extra, 211, 213. 
brown, 155, 216. 
red, 146, 152, 157, 212. 
yellow, 154, 157, 167. 
yellow C, 211. 

Anthracite black, 157, 223. 
Anthrapurpurine, 277. 
Anthrax, 46. 
Antimony oxide, for washing goods, 265. 

salt, 120, 275. 
tannate, 270. 

Antimony-potassium oxalate, 120. 
Antiseptics for prevention of mould, 284. 
Apparatine, 282. 
Archil, 87, 162, 185. 

substitute, 215. 
Artificial fibres, 1. 

silk, 2, 5. 
wool, 46. 

Asbestos, 2, 137. 
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Asclepias cotton, 12. 
Asiatic silk, 28. 
Atmospheric oxygen for bleaching, 54. 
Auramine, 143, 144, 217,218, 223, 224, 

255, 260, 273, 276. 
Australian wool, 37. 
Austrian flax, 15. 
Automatic reeling machine, 26. 
Azo acid black, 216. 

fuchsine, 213, 223. 
yellow, 211. 

Azo black base, 192. 
carmine, 138, 210, 215, 223, 224. 
flavine, 158, 224. 
fuchsine, 213, 215. 
yellow, 215, 228. 

Azophore blue, 193. 
red, 191, 271. 

Baked starch, 249. 
Barium peroxide for bleaching, 59. 
Baryta, 283. 
Basic dyes, 277, 280, 283. 

dye-stuffs, 255. 
application of, 143. 

to cotton, 145. 
to silk, 145. 
to wool, 143. 

alum, 99, 103. 
chloride, 108, 109. 
chromium chloride, 99. 
ferrous sulphate, 99. 

Bast fibres, 7, 10, 12. 
soap, 78, 141, 168. 

Bastose, 18. 
Battik goods, 232. 

. Bayer’s cochineal scarlet PS, 212. 
sulphocyanine, 190, 

Beetling, 289. 
Belgian flax, 15. 
Bengal rose, 233. 
Benzazurine, 148, 274. 
Benzidine dyes, 146. 
Benzo black blue, 148. 

blue black, 189. 
brown, 219. 
chrome black, 220. 
chrome brown, 219. 
grey, 147. 
pure blue, 218. 
purpurine, 148, 178. 
violet R, 219. 

Benzoic acid, 120. 
Berlin blue, 106, 169, 199, 200, 219, 258, 

271, 283. 
Biebrich patent black, 216. 
Billiard green, 210. 
Bismarck brown, 143, 219. 
Bisulphite, 277, 278, 280. 
Black azo dyes, 138. 

dyeing cotton with logwood, 180. 
on silk, 170. 

Bleaching agents, 53. 
cotton piece goods, 66. 
of textile fibres, 50. 
powder, 55, 272. 

Bleach vat, 273. 

INDEX 

Bleach with lime and resin soap, 66 
Blue dyeing, 181. 

vitriol, 97. 
Blueing of ‘fibres, 86. 

of printing goods, 207. 
Bluish fast green, 224. 
Bran, 182, 266, 268. 

bath, 180. 
Breaking of flax, 14. 
Breinl and Karrer, 55. 
Brilliant alizarinecyanine, 3G, 154, 190, 
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black, 216. 
Congo R, 212. 
croceine, 212, 223. 

geranine, 257, 271, 277. 
green, 144, 217, 255, 270, 273, 276. 
ponceau, 212, 
sulphonazure, 152. 

Boiling of cotton goods with resin lye, 69. 
Bologna hemp, 16. 
Bombax cotton, 12. 
Bombykia, 27. 
Borax, 141, 284. 
Bordeaux, 138, 139, 213. 
Boric acid, 284. 
Bourette, 27. 
Bowking, 64. 

kier for bleaching cotton, 66, 67. 
Box mangle, 208. 
British gum, 251. 

_ Bromine for bleaching, 55. 
Buckthorn berries, 162, 254, 260, 274. 

berry tin lake, 256. 
Byssus silk, 34. 

Cachou de laval, 153. 
Calendering machine, 287, 288. 
Calico-printing, 248. 
Camel wool, 45, 46. 
Camphor, 284. 
Canadian asbestos, 2. 
Canarine, 153. 
Cannabis sativa, 16. 
Caoutchouc, 283. 
Capri blue, 273. 
Carbazol yellow, 146, 152, 154, 167. 
Carbonising, 87. 

agents, 91. 
Carbonising wool, 4. 
Cardaret process for manufacture of silk, 7. 
Carmines, 113. 
Cashmere, 45. 
Cassella’s brilliant cochineal, 212. 

diamine blue RW, 152. 
Castor oil, 122. 
Catechu; 106, 111, 113,121, 169, 179, 

218, 219, 254, 261. 
dyeing, 178. 

Caustic soda, 270, 271, 273. 
discharge, 272. 

Celluloid, 5. 
Cellulose, 2,°3; 143. 

action of alkalis On ss 
on ammoniacal copper oxide, 8. 
of nitric acid on, 4. 

Cellulose, action of organic acids on, 4. 
action of zinc chloride on, 4. — 
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Cellulose, composition of, 3. 
Cerium, 195. 
Chalk, 268. 
Chalk bath, 264. 
Chamois, 106, 218. 
Chardonnet silk, 5. 
Chemicking, 56. 

of cotton goods, 69. 
of linen, 75. 
of printed goods, 266. 

Chestnut extract, 117, 121,.169. 
Chicago-blue, 148, 189, 
China, 14. 

clay, 283. 
grass, 19. 

Chloramine brown, 277. 
yellow, 218, 257, 273, 277. 

Chlorate discharge, 270. 
Chlorine for bleaching, 55. 
Chloride of lime, 55. 
Chromate discharge, 270. 
Chrome, 95. 

alum, 108. 
black, 165, 166, 167, 216. 
brown, 158. 
discharge style, 269, 273. 
green, 256, 260, 270. 
mordant, GAITI, 99. 
mordants, 108, 260, 261, 273. 
orange, 115. 
yellow, 115, 199, 200, 218, 256, 258, 

260, 271. é‘ 
Chromic chromate, 108, 112. 
Chroming, 205. 
Chromium acetate, 104, 108, 255, 260. 

bisulphite, 102, 108, 109, 255, 269. 
fluoride, 97, 108, 109, 152, 157. 

Chromogene, 158, 216. 
Chromotrope, 138, 139, 154, _ 157, 158, 

211, 2138. 
black, 216, 
OR, 213, 215. 

Chrysamine, 148, 153, 257, 277. 
Chrysoidine, 143, 217, 218. 
Chrysophenine, 148, 152, 153, 218, 271. 
Citric acid, 169, 222, 269, 276. 
Citronine, 210. ‘ 
Cloth brown, 146, 152, 167. 
Cloth printing, historical account of, 232. 

red, 156, 157, 211, 216. 
Cochineal, 211. 

dyeing with, 160. 
scarlet, 112,114. ., 

Ceeruleine, 155, 167, 210, 254, 260, 274. 
Columbia- black, 219. 

black R, 189. 
chrome black, 220. 

Colouring for dressing preparations, 283. 
Colour, theory of, 125. 
Combed sliver printing, 281. 
Combined printing and dyeing, 207. 
Conditioning houses, 49. 

of silk, 49. 
Congo-corinth, 148, 
Congo-orange, 148. 

red, 143, 148, 178, 274. 
Continuous vat, 189. 
Copper, 95. 

29.9: 

Copper mordants, 114. 
sulphate, 97, 114, 152. 
sulphide, 271. 

“‘Coppering,” 114. 
Correcting of water, 52. 
Cosmos fibre, 47. 
Cotton, 1, 2, 8. 

application of direct dyes to, 147. 
of basic dye-stuffs to, 145. 
of mordant dyes to, 171. 

bleaching, 50, 103. 
chemical behaviour of, 11. 
commercial varieties of, 9. 
composition of, 10. 
dyeing, 217. 
dyes, 146. 
European industry of, 9. 
fibres, 9. 
fixing with iron, 120. 
gathering, 8. 
historical account of, 9. 
mordanting, 99. 
origin of, 8. 
seed oil, ’g, 
structure of, 9. 

Coussmacker’s experiments in silk culture, 
33. 

Cow hair, 46. 
Crabbing woollen goods, 293. 
Croceine EB, 212. 

RX, 212. 
searlet, 178. 
scarlet R, 212. 

Cross, Bevan, and Beadle on cellulose, 7. 
Crushing of flax, 14. 
Curcuma, 153. 
Cutch, 114, 116. 
Cuticle, 10. 
Cuve décolorante, 272. 
Cyanine, 213, 215. 
Cyanol, 139, 215. 
Cylinder presses, 279. 

printing press, 233, 237. 
Cyprian gold thread, 2. 

| Damping machine, 287. 
of cotton goods, 287. 

Decatiring, 292. - 
Decolorising vat, 272. 
Deepening method of dyeing, 157. 
Delta purpurine, 212. 
Demeuse machine, 83, 185. 
Depierre and Georgievics on bleaching 

agents, 55. 
Déru machine, 83, 84. 
* Deux huiles,” 124. 
Developing dyes, 191. 

dye-stuffs, 257. 
Dew-retting flax, 13. 
Dextrin, 251, 272, 275, 282, 284. 

British gum, 279. 
Diamine, 148. 

black, 150, 159, 189, 219. 
blue, 152, 190. 

RW, 190. 
bronze, 219. 
brown M, 219. 
catechu, 150. 
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Diamine dyes, 146. 
golden yellow, 147, 218. 
green, 147, 148, 218. 
pure blue, 218, 257, 277. 
rose, 213, 218. 
scarlet, 152. 
violet, 219, 277. 
yellow, 274, 277. 

Diaminogene, 190, 219. 
Diamond black, 167, 216, 217. 

brown, 167, 
deep black, 220. 
green, 167. 
yellow, 167. 

Dianisidine blue, 190, 193, 201, 273, 276. 
Diazo black, 150, 219. 

blue, 190. 
brilliant black, 220. 

Diazotised dianisidine, 276. . 
Direct blue-black, 219. 

deep black, 219. 
dyes, 146, 283. 

application to cotton, 147. 
to silk, 153. 
to wool, 152. 

discharge of, 273. 
dye-stuffs, 206. 
printing, 248. 

Discharge printing, 232. 
style printing, 268. 
of mordant, 269. 

Divi-divi, 117, 169. 
Drab, 215. 
Dressing, 282. 
Drying machine, 286. 
Dunging bath, 266. 
‘*Dunging ” of cotton, 101. 
Dutch flax, 15. 
Dyeing previously mordanted wool, 164. 
Dyeing, theory of, 130. 
Dye-stuffs, reaction on fibre, 226 

selection of, 209. 
Dye-vat, 204, 
Dye-wood drab, 215. 
Dye-woods, 155. 

Edredon vegetal, 12. 
Egypt, 14. 
Egyptian flax, 15. 
Electrolytic bleaching process, 74. 

chlorine, 57. 
EKosine, 134, 278, 280. 

dyes, 115. 
Erban and Specht alizarine method, 205. 

method of dyeing cotton, 171. 
process for dyeing rose-red, 73. 

Turkey-red, 178. 
Erica, 218. _ 
Erythrosine, 256. 
Ethyl-tartaric acid, 255. 
Eurhodine, 143. 
European silk, 28. 
Extract wool, 46. 

Fankhausine, 73. 
Fast acid blue B, 223. 

red A, 2238. 
violet A2R, 158, 213, 223. 

Fast acid violet, 10B, 139, 216, 223. 
Fast black, 220. 

diamine red, 152, 154, 157, 212, 218. 
diamine yellow, 218. 
green, 139, 215, 223. 
red, 138, 139. 
red O, 213.. 

yellow, 210, 211, 215. 
Fastness of dyes to acids, 229. 

to bleach, 230. 
to ironing and steaming, 230. 
to light, 227. ~ 
to perspiration, 230, 
to sulphur, 230. 
to water, washing, and milling, 229. 
testing of, 227. 

Fatty substances, 283. 
Fermenting vats, 181. 
Ferrocyanide, 257. 
Ferrous sulphate, 97, 106, 272. 
Fibres, distinguishing tests for, 20. 
Fibroin, 30. 
Finished dye, discharging of, 270. 
Finishing articles, 282. 
Fireproofing, 284. 
Fixing agents, 115. 

colour of printed goods, 261. 
Flavazol, 157. 
Flavine, 162, 211. 
Flavopurpurine, 272. 
iax 2,2: 

breaking, 14. 
chemical behaviour of, 16. 
commercial varieties of, 14. 
composition of, 15. 
crushing, 14. 
definition and origin of, 12. 
fibres, 15, 17. 
hackling, 14. 
historical account of, 14. 
preparation of, 13. 
scutching, 14. 
specific gravity of, 16. 
structure of, 15. 

Fleece, composition of, 38. 
Florette, 27. 

silk, 29, 
Flour, 249. 
Fluoresceine, 134. 
French flax, 15. 
Fuchsine, 134, 145, 169, 212, 218, 255, 

256. 
dyeing, 136., 

’ Fugitive scarlet, 160. 
Full bleach for linen, 75. 
Fuller’s earth, 142. 
Fulling mill, 293, 294. 

of woollen goods, 293. 
Fustet wood, 162. 
Fustic, 157, 179, 210, 216. 

Galleine, 154, 155, 167, 210, 254. 
Gall nuts, 116. 
Gallocyanine, 219, 254, 274. 
Galloflavine, 167, 211. 
Gallotannic acid, 116. 
Garancin strips, 176. 
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Gelatine, for dyeing, 141, 266, 268. 
Geranine, 218. 
Glass, 137. 

wool, 1. 
Glauber salt, for dyeing, 138, 147. 
Gloria fabrics, dyeing of, 222. 
Glucose, 273. 
Glycerine, 279, 280, 283. 
Goat wool, 45. 
Gossypium, 8. 
Grape sugar, for impregnating, 259, 272. 
Grass bleaching, 63. 
Grassing of linen, 75. 
Green, 106. 

vitriol, 106. 

silk, 77. 
Grenoble hemp, 16. 
Gum, for thickening, 249, 279, 284. 

water, 274, 
Gum-arabic, for thickening, 251. 
Gun cotton, 4. 

Hackling flax, 14. 
Hematein, 163. 
Half-scoured silk, 79. 
Half-silk goods, dyeing of, 221. 
Half-smooth finish, 290, 
Half-woollen goods, dyeing of, 220. 
Hand- -press, 279, 281, 
Hand printing, 233, 
Hank-yarn dye-vat, 265. 
Hasheesh, 16. 
Heliotrope, 274. 
Hemp, 1, 2, 16. 

bleaching, 76. 
chemical behaviour of, 17. 
composition of, 17, 
definition and occurrence of, 16. 
dyeing, 220. 
goods, finishing of, 291. 
historical account of, 16. 
preparation of, 16. 
structure of, 17. 

Hertel’s bleaching process, 73. 
Hessian dyes, 147. 

purple N, 212. 
Hexe press, 233. 
Hot-water retting of flax, 14. 
Hydraulic press, 292. 
Hydrocellulose, 4 
Hydrochloric acid, for developing colour, 

143. 
as carbonising agent, 93. 

Hydro-extractor, 97. 
Hydrofluoric acid, 199. 
Hydrogen peroxide, for bleaching, 57, 278. 
Hydrothionic acid, for dyeing, 185. 
Hygroscopic materials, 283. 
Hypochlorous acid, for Turkey-red dis- 

charge, 272. 
Hyposulphite vat, 185, 
Hyposulphurous acid for bleaching, 62. 

Ice colours, 191, 257, 260, 261, 275. 
discharging of, 273. 
reserves under, 276. 

Impregnation, 293. 
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Indamine, 145. 
blue, 190. 

Indigo, 181, 228, 259, 271, 272. 
blue, 261, 271, 275. 
carmine, 87, 138, 210, 
carmine cyanine, 223. 
discharge style, 270. 

printing, 260. 
indophenol vat, 190. 
white, 275. 

Indigopbenol white, 259. 
Indoine, 143, 190. 

blue, 190. 
Indophenine, 190. 
Indophenol blue, 181, 259. 
Induline, 138, 143, 145, 146, 210, 214, 261. 
Ingrain dyes, 149. 
Todine solution test for vegetable fibres, 21. 
Irish flax, 15. 
Iron, as mordant, 95. 

black, 165, 167, 216, 
chamois, 199, 200, 258. 
mordants, 106, 260, 269. 
nitrate, 106, 107. 
pyrolignite, 99, 106, 107, 121, 169, 

180, 258, 268, 
Italian flax, 15. 

hemp, 16. 

Jigger, 119, 208. 
Jute, 1, 2, 5, 17, 113. 

bleaching, 76. 
chemical behaviour of, 18. 
composition of, 18, 
commerce of, 18. 
definition and occurrence of, 17. 
distinguished from flax, 22. 
goods, finishing of, 291. 
historical account of, 17. 
preparation of, 17. 
structure of, 18. 

Kalle’s cloth scarlet, 167. 
indigo salt, 259. 

Kaolin, 283. 
Kellner’s process for preparing electrolytic 

chlorine, 57. 

Lac dye, 161, 162. 
Lactic acid, instead of bitartrate, 111. 
La France Company for manufacture of 

artificial silk, 5, 6. 
Laguna logwood, 164. 
Lakes, 95, 154. 
Lampblack paste, 256, 261. 
Langhans’ process for manufacture of 

silk, 7 
* Law of distribution” in dyeing, 133. 
Lead, for fixing dyes, 115. 

acetate, 272. 
Lehner process of silk manufacture, (f 
Leio gum, 251. 
Leviathan washer, 82. 
Levulinic acid, 255. 
Liechti and Sinda’s investigations in 

Turkey-red dyeing, 172. 
Light green 8, 223. 

yellow, 260, 
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Lime, as mordant, 115, 182, 187. 
boiling of cotton, 67. 

Linen bleaching, 74. 
dyeing, 220. 
goods, finishing of, 290. 

Lister’s method of working waste silk, 32. 
process of working up silk, 27. 

Llama, 45. 
Loaded silk, 78. 
Loading ingredients, 283. 
Logwood, 157, 169, 171, 179, 185, 199, 

216, 219, 254, 261, 268. 
black, 156, 220, 258, 266. 
black-dyeing cotton with, 180. 
blue, 102, 167. 
dyeing on wool, 163. 

Long Georgia cotton, 9. 
staple cotton, 9. 

**Lucea ” goods, 113, 255, 260. 
Lumen, 10. 
Lustring of silk, 79. 

Madder, 157, 162, 182. 
red, 211. 

Magdala red, 145, 210, 224. 
Magnaneria, "24, 
Magnesium carbonate, 271. 

chloride, 276, 253, 284. 
as carbonising agent, 92. 

hypochlorite, 57. 
Maize starch, 282. 
Mako cotton, 73. 
Malachite green, 143, 144, 145, 210, 217, 

255, 273. 
Malt, for eliminating thickening materials, 

266. 
Manganese bistre, 115, 137, 199, 219, 259, 

, 27 
salts, 115. . 

Mangling of cotton goods, 288. 
Manila hemp, 2. 
Marine blue, 143, 210. 
Marseilles olive oil soap, 141, 142, 177, 

265. 
Martin’s yellow, 134. 
“Matching” dyes, 129. 
Mather and Platt, apparatus, 193, 194, 

260, 261, 262, 267, 269, 270. 
beetles, 289. 

Mather and Thompson continuous bleach- 
ing process, 73. 

Mercerisation, 7, 11. 
Metallic bistre, 283. 

threads, 2. 
Metaphenylene blue, 190. 
Methyl blue, 10. 
Methylene blue, 109, 143, 145, 169, 218, 

219, 255, 260, 261, 271, 273. 
grey, 145. 
violet, 255. 

Methyl green, 144, 223, 224, 255. 
violet, 184, 144, 145, 171, 185, 189, 

197, 210, 213, 255, 256, 260, 268, 
273, 276. 

violet-blues, 87. 
Mikado dyes, 147. 

orange, 218. 
yellow, 153, 218. 

INDEX 

Milanese trame silk, 78. 
Milling blue, 157. 

of woollen goods, 293. 
yellow, 211. 
yellow O, 211. 

Mineral fibres, 1, 2. 

Mixed fabrics, dyeing of, 220. 
Mixed retting of flax, 13. 
Mohair, 45. 
Moiré effects, 289. 

silk, 142. 
Moramer cop-dyeing machine, 206. 
Mordant, discharging of, 269. 

dyes, 267. 
application of, 154. 

to cotton, 171. 
to silk, 167. 
to wool, 154. 

dye-stuffs, 254. 
Mordanting, 95. 

cotton, 99. 
silk, 98. 

Mordants, 95, 
Mordant yellow, 167. 
Mould, prevention of, 284. 
Mourning goods, treatment with bran, 268. 
Myrabolans, 117. 
Multiple-colour machine, 244. 
Mungo, 46. 

Nankeen, 218. 
Naphthazine blue, 214. 
Naphthol, 276. 

black, 216, 280. 
blue, 214. 
LC, 192. 
yellow, 139, 210, 211. 

Naphthylamine black, 216, 217. 
D, 223. 

Naphthyl blue-black, 216. 
Naphtindone, 190. 
Natural finish, 290. 
Natural retting of flax, 13. 
Navy blue, 214. 

B, 223. 
Nettle fibre, 19. 
New blue, 190. 

methylene blue, 255, 261. 
‘* New red,” 176. 
New toluylene brown, 219. 
New Zealand hemp, 2. 
Nickel, as mordant, 95, 115. 
Nigrosine, 143. 
Nile blue, 218, 270. 
Nitraniline red, 106, 178, 260, 273, 276. 
Nitrocellulose, 4. 
Nitrosamine red, 191, 195. 
Noir réduit, 261. 
Non-fermenting vats, 181. 
‘* Nops,” 87. 
‘Normal aluminium alizarate,” 172. 
Nyanza black, 147. 

Oriental cloth, 294. 
Oriole yellow, 255, 260. 
Orleans, 153. 
Ouate végetale, 12. 
Over-retted flax, 14. 
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Oxalic acid, for mordanting, 98, 111, 156, 
161, 269, 270, 272, 284. 

for removing stains, 72. 
Oxazine, 143. 
Oxidation chamber, 261, 262, 267. 
Oxidation process, 101. 
Oxidising bleaching agents, 53. 
Ozone for bleaching, 54. 
Ozonin, 55. 
Ozonised turpentine and alkali for bleach- 

ing, 54. 
Oak bark, for tanning, 116. 
Obermaier revolver, 203. 
Ochre, 283. 
Oehler’s apparatus, 228. 
Oil, for dressing, 283. 
** Old red,” 174. 
Oleic acids, 115, 122. 
Olive oil, 122, 124, 169, 249. © 
Orange chrome, 199, 200, 218, 256, 258, 

260, 271. 
ITI, 210. 
IV, 158. 
C, 213, 223. 
2R, 210. 

Padding, 99, 
machine, 100. 

Palatine scarlet, 212, 223. 
Pale chamois, 106. 
Paraffin, for dressing, 283. 
Paraphenylene blue, 190. 
Partial bleaching of cotton, 72. 
Patent blue, 138, 139, 157, 158, 215, 223, 

224, 
. ie 15 alle , 
N, 211. 

Pattes de lierre, 12. 
Pearl shades in dyeing, 214. 
Perger’s apparatus, 228. 
Perrotine press, 233, 235, 236, 272. 
Phenetidine red, 191. © 
Phenylenediamine, 150. 
Phloxine, 210. 
Phosphine, 218. 
Phthalic acid, for fixing dyes, 120. 
Picric acid, in silk-dyeing, 210, 228. 
Piece-dying machines, 207. 
Pineapple fibre, 2. 
‘Pink salt, 113. 
Pite fibre, 2. 
Ponceau, 138, 139, 160, 210, 224, 268. 

B extra, 212. 
2R, 212, 224. 
3R, 212. 
4R, 212. 

Porcelain printing, 232. 
Potash, use in dye-bath, 147. 

blue, 214. 
for wool-washing, 81. 

Potassium-antimony oxalate, 275. 
Potassium bichromates, 97, 108, 110, 146, 

152, 270, 272, 275. 
bichromate for bleaching, 60. 
bitartrate, 98, 110, 111, 156, 161. 
bromate, 269. 
chromate, 271, 272, 274. 
ferricyanide, 271, 272, 
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Pottasium ferricyanide, for bleaching, 60. 
ferrocyanide, 261, 273. 
iodide, 271. 
permanganate, 115. 

for bleaching, 60. 
for removing stains, 72. 

sulphite, 276. 
Potato starch, 282, 284. 
Preparing salt, 113. 
Pressing, 290. 

of woollen goods, 292. 
Primrose, 210. 
Primuline, 147, 150. 

red, 218, 219, 
Printing and dyeing combined, 287. 
Printing blue, 255. 
Printed goods, treatment of, 261. 
Propiolic acid print, 259. 
Prudhomme black, 199, 257, 277. 
Prussian flax, 15. 
Pure blue, 271. 
Pyronine, 148, 273. 

Quercitron, 156, 171, 211, 218, 254, 260, 
261, 268. 

Quicklime, for Turkey-red dyeing, 272. 
Quinoline yellow, 138, 139, 210, 211, 215. 

Ramie, 1, 2, 19. 
bleaching, 76. 
dyeing, 220. 
fibre, chemical behaviour of, 20. 

commerce and statistics of, 19. 
composition of, 20. 
historical account of, 19. 
structre of, 20. 

Raised goods, 290. 
Raising machine, 290. 

of woollen goods, 291. 
Reducing bleaching agents, 60. 
Red wood, 171, 179, 216, 254. 
Reeling of silk, 26. 
Reserve printing, 232. 

style printing, 274. 
Rhea, 19. 
Rhodamine, 123, 143, 145, 146, 162, 210, 

213, 218, 223, 224, 255, 271, 276. 
Rhodamine S, 153. 
Rice starch, 282, 
Ricinoleic acid, 123. 
Roccelline, 210. 
Roller gin for cotton, 8. 
Rosaniline dyes, 143. 
Rose-red, 213, 248. 
Rouil mordant, 99, 107, 169. 
Roulette vat, 189. 
Rubine, 171, 268. 
Russian hemp, 16. 

Safflower, 153: 
Safranine, 143, 218, 219, 255, 260 
Sal-ammoniac, 249, 265. 
Salicylic acid, 284, 
Salt, 147. 
Salzburg black, 165. 

vitriol, 106. 
Sample dyeing, 224. 
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Sandal, 167. 
Santal-wood, 112. 
Saw gin for cotton, 8. 
Scarlet, 138, 139, 211. 

acid, 114 
B, 212. 
testing fastness of, 160. 

Schlieper and Baum glucose method, 259. 
and Baum method, 272. 

method of dyeing Turkey-red 
178. 

Scoured silk, 28. 

? 

Scouring process in cochineal dyeing, 162. 
Scroop, 28. 
Scutching flax, 14. 
Sea-island cotton, 9. 
Seed hairs, 2, 8. 
Sel de soude antiseptique, 65. 
Semi-fast blue, 185. 

scarlet, 160. 
Senegal gum, 252. 
Sericin, 30. 
Shearing, 286. 

of woollen goods, 291. 
Sheep’s wool, 35. 
Shoddy, 46. 
Short staple cotton, 9. 
‘‘Shot” effects, 222. 
Siemens and Halske’s bleaching process, 54. 
Silesian bleaching, 75. 

flax, 15. 
Silicate, in fireproofing, 284. 
Silk, 1, 23. 

application of acid dye-stuffs to, 141. 
of mordant dyes to, 167. 
of direct dyes to, 153. 
of tannic acid to, 121. 
of basic dye-stuffs to, 145. 

bleaching 77, 79. 
chemical composition of, 30. 

properties of, 30. 
commerce Of, 27. 
conditioning of, 49. 
dyeing, 209. 
fibre, production of, 28. 

structure of, 29. i 
goods, finishing of, 291. ~~ 
historical account of, 27, 
loading, 79. 
manufacture, 26. 
mordanting of, 98. 
physical properties of, 28. — 
printing, 280. 
scouring, 77, 79. 
specific gravity of, 30. 

- wool, 45. 
worm breeding, 24. 
worm, diseases of, 26. 

Single-bath black, 165, 166. 
aniline black, -199. 
logwood black, 216. 

Single-colour cylinder machine, 241. 
Size, 268, 270, 282. 
Slag wool, 2. 
Smoothing of silk, 79. 
Soap, in application to dyes, 147. 

for wool-washing, 81. 
Soaping of printed goods, 265. 

INDEX 

Soda, in application to dyes, 147, 182, 277, 
280. 

for wool-washing, 81. 
spotting, 41. 
stains in carbonising, 94. 

Sodium acetate, 274, 277, 280. 
aluminate, 105, 272, 277. 
bichromate, 97, 108, 112. 
bisulphate, 269. 
bisulphite for bleaching, 62. 
bromate, 271. 
chlorate, 249, 269, 271. 
citrate, 275. 
hypochlorite, 56. 
hyposulphite, 144. 
peroxide for bleaching, 59. 
phosphate, 147, 
plumbate, 272. 
stannate, 112, 113, 148, 265, 278. 

Softening materials, 283. 
Souple silk, 77, 79, 121, 168. 
Souring, 64. 

of cotton goods, 68. 
of linen, 75. 

Spanish wool industry, 36. 
Spun glass, 1. 
Stale urine, in wool-washing, 81. 
Stamping of goods 290. 
Stannic acid, 278. 

chloride, 113. 
Stannous chloride, 97, 99, 112, 113. 
Starch, 3, 5, 270, 279. 

paste, 256, 
Steam alizarine red, 114. 

chrome yellow, 258. 
colours, 256. 
dyes, 254. 
orange chrome, 259, 
retting of flax, 14. 

Steaming of printed goods, 262, 263, 266. 
woollen goods, 292. 

Stearin, 283, 
Steeping of cotton, 66. 
Sterner process of dyeing cotton, 176. 
“* Stocks,” 40. 
Substantive dyes, 2, 146. 
Suint, in wool, 43. 
Sulphocyanide, 297. 
Sulphonazurine, 152. 
Sulphone black, 216. 

brown, 152. 
Sulphonecyanine, 152, 214. 
Sulphone dyes, 146. 
Sulphoricinoleic ester, 123. 
Sulphuric acid as carbonising agent, 92. 

test for vegetable fibres, 21. 
Sulphurous acid for bleaching, 61. 
Sumach, 116, 120, 121, 122, 157, 175, 180, 

268. 
Super oxidation, 55. 
Supplementary mordants, 95. 
Sunn hemp, 2. 
Syrup, for fermenting, 182. 

Tabora black, 147. 
Tallow, 283. 
Tanner’s wool, 36, 40. 
Tannic acids, 107, 113, 115, 116, 174. 
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Tannic acid, application to cotton, 117. 
application to silk, 121. 

Tannin, 284. 
colours, 266, 267. 
dyes, 260, 269, 273, 274. 

reserve with, 275. 
Tartar emetic bath, 112, 264, 267, 269, 

270, 275, 277. 
Tartaric acid, 141, 248, 255, 269, 272, 275, 

276. 
Tartrazine, 138, 210, 211, 215, 223. 
Tegethoff blue, 214. 
Tenting frame, 286. 
Thiazol yellow, 148, 218. 
Thibet wool, 45, 147. 
Thickening agents in calico-printing, 249. 
Thies and Herzig full bleach for cotton, 

64, 69. 
Thies-Herbig process of bleaching cotton, 

65 
Thioflavine, 218, 276. 

, 148. . 
T, 270. 

Thomas and Prevost process, 11. 
Tillandsia, 2 
Tin, as mordant, 95. 

acetate, 114, 255, 274. 
discharge, 273. 
mordants, 112, 161, 260. 
oxalate, 114. 
paste, 114, 255. 
salt, 97, 161, 255, 268, 269, 273, 274, 

276, 280. 
solution, 114. 
stains, 162. 
sulphocyanide, 114. 

Titan rose-red, 147. 
Toluylene brown, 219. 

diamine, 150. 
orange, 148, 218. 

Topping printing, 277. 
with basic dyes, 251. 

Tournant oil, 124. 
Tragacanth, 192, 252, 276, 282, 284. 

mucilage, 256, 259. 
Tropeoline, 138. 
True aloe fibre, 2. 

silk, 23. 
Tungstate, for fireproofing, 284. 
Turkey red, 106, 113, 289. 

discharge style, 172. 
dyeing, 114, 121, 122, 172. 
oil, 122, 147, 149, 172, 176, 248, 267, 

276, 283. 
Turpentine, 249, 278. 
Turquoise blue, 255, 261. 
Tussah silk, bleaching and scouring of, 90. 
Tussur silk, 33. 

Ultramarine, 256, 261, 267, 283. 
Umbrella silks, 168. 

Vanadium, 195. 
Vascular bundles, 2. 
Vat, 181. 

blue, 115, 219, 271, 274. 
discharging of, 270. 
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Vat dyeing, 281. 
dyes, application of, 181. 
dye-stuffs, 259. 

Vegetable down, 12. 
fibres, 1, 2. 
mucilage, 282, 284. 
parchment, 4. ; 
silk, 8, 12. 

Vermilion, 256, 260, 271. 
Victoria black, 216. 

rubine, 213. 
scarlet, 212, 
violet, 157, 158. 

Vicuna, 45. 
Vidal black, 220. 
Vigoureux printing, 281. 
Violamine, 210 
Vivier process of silk manufacture, 6. 

Warm-water retting of flax, 13. 
Warps, printing, 281. 
Washing machine for cotton, 68. 

process of wool, 32. 
of textile fibres, 50. 
woollen piece goods, 86. 

yarn, 86. 
Waste silk, working up of, 26. 

water, purifying of, 53. 
Water blue, 223. 

hardness of, Fy 
impurities in 

Waterproofing, ops. of 3 
Water retting of flax, 13, 
Wax, in dressing, 283. 
Wheat, 282, 284. 

starch, 249, 259. 
Wheaten flour, 193. 
White-dyeing, 86. 
Wild silk, 32. 
Wead vat, 182. 
Wolff colorimeter, 225, 226. 
Wood blue, 204. 

drab, 216. 
Wool, 1. 

application of acid dye-stuffs to, 138. 
of basic dye-stuffs to, 143. 
of direct dyes to, 152. 
of mordant dyes to, 154. 

black, 216. 
bleaching, 80. 
chemical. composition of, 42. 
collection of, 36. 
detergents, 81. 
drying and carbonising machine, 89, 

store, 89. 
effect of alkalis on, 44. 

of nitric acid on, 44. 
fat, 43. 
fibre, chemical bikeviee of, 43. 
green, 223, 

S, 215, 
historical account of, 36. 
logwood-dyeing on, 163. 
mordanting of, 96. 
physical properties of, 41. 
printing, 278, 
sorters’ disease, 26. 
structure of, 38. 
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Wool, substitutes, texture of, 47. 
washing, 80. 

Woollen goods, finishing of, 291. 
piece goods, washing of, 86. 
yarn, washing of, 86. 

Worsteds, 295. 
washing of, 86. 

Yarn-printing, 281. 
Yellow lead chromate, 257. 
Yolk, in wool, 43. 

Zambesi black, 220. 

INDEX 

Zambesi blue, 148. 
Zinc, 95, 114. 

chloride, 284. 
dust, 273, 274, 280. 
iodochloride, test for vegetable fibres, 

1 
mordants, 261. 
nitrate, 268. 
oxide, 265, 277. 
salts, 283. : 
sulphate; 284. 

as fixing agent, 120. 
vat, 187, 188. 
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THE PRACTICAL COMPOUNDING OF OILS, TAL- 
LOW AND GREASE FOR LUBRICATION, ETC. 
By AN EXPERT OIL REFINER. 100 pp. 1898. Demy 8vo. Price 7s. 6d. ; 
India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Introductory Remarks on the General Nomenclature of Oils, Tallow and 

Greases suitable for Lubrication.—II., Hyrocarbon Oils.—III., Animal and Fish Oils.— 
IV., Compound Oils.—V., Vegetable Oils.—VI.. Lamp Oils.—VII., Engine Tallow, 
Solidified Oils and Petroleum Jelly.—VIII., Machinery Greases: Loco and Anti= 
friction.—IX., Clarifying and Utilisation of Waste Fats, Oils, Tank Bottoms, 
Drainings of Barrels and Drums, Pickings Up, Dregs, etc.—X., The Fixing and 
Cleaning of Oil Tanks, etc.—Appendix and General Information. 

Press Opinions. 
“This work is written from the standpoint of the oil trade, but its perusal will be found very 

useful by users of machinery and all who have to do with lubricants in any way.”’—Colliery 
Guardian. 

“The properties of the different grades of mineral oil and of the animal and vegetable non- 
drying oils are carefully described, and the author justly insists that the peculiarities of the 
machinery on which the lubricants are to be employed must be considered almost before every- 
thing else. . . . The chapters on grease and solidified oils, etc., are excellent.”—The Ivonmonger. 

SOAPS. A Practical Manual of the Manufacture of Domestic, 
Toilet and other Soaps. By GrEorGE H. Hurst, F.C.S. Illustrated 
with Sixty-six Engravings. 390 pp. 1898. Price 12s. 6d.; India and 
Colonies, 13s. 6d.; Other Countries, 15s.; strictly net. 

Contents. 
Chapters I., Introductory.—II., Soap=maker’s Alkalies.—III., Soap Fats and Oils.— 

IV., Perfumes.—V., Water as a Soap Material.—VI., Soap Machinery.—VII., Tech= 
nology of Soap-making.—VIII., Glycerine in Soap Lyes.—IX., Laying out a Soap 
Factory.—X., Soap Analysis.—Appendices. 

Press Opinions. 
“We think it is the most practical book on these subjects that has come to us from England 

so far.”—A merican Soap Journal. 
“Much useful information is conveyed in a convenient and trustworthy manner which will 

appeal to practical soap-makers.”—Chemical Trade Journal. 
“Works that deal with manufacturing processes, and applied chemistry in particular, are 

always welcome. Especially is this the case when the material presented is so up-to-date as 
we find it here.”—Bradford Observer. 

“The best and most reliable methods of analysis are fully discussed, and form a valuable 
source of reference to any works’ chemist... . Our verdict is a capitally produced book, and 
one that is badly needed.”—Birmingham Post. 

ANIMAL FATS AND OILS: Their Practical Production, 
Purification and Uses for a great Variety of Purposes. Their Pro- 
perties, Falsification and Examination. A Handbook for Manufacturers 
of Oil and Fat Products, Soap and Candle Makers, Agriculturists, 
Tanners, Margarine Manufacturers, etc.,etc. By Louis EDGAR ANDES. 
Sixty-two Illustrations. 240 pp. 1898. Demy 8vo. Price 10s. 6d. ; 
India and Colonies, 11s.; Other Countries, 12s.; strictly net. 

Contents. ; 
Introduction. Occurrence, Origin, Properties and Chemical Constitution of Animal Fats. 

Preparation of Animal Fats and Oils. Machinery. Tallow-melting Plant. Extraction Plant. 
Presses. Filtering Apparatus. Butter: Raw Material and Preparation, Properties, Adul- 
terations, Beef Lard or Remelted Butter, Testing. Candle-fish Oil. Mutton-Tallow. Hare 
Fat. Goose Fat. Neatsfoot Oil. Bone Fat: Bone Boiling, Steaming Bones, Extraction, 
Refining. Bone Oil. Artificial Butter: Oleomargarine, Margarine Manufacture in France, 
‘Grasso’s Process, “ Kaiser’s Butter,” Jahr & Miinzberg’s Method, Filbert’s Process, Winter’s 
Method. Human Fat. Horse Fat. Beef Marrow. Turtle Oil. Hog’s Lard: Raw Material, 
Preparation, Properties, Adulterations, Examination. Lard Oil. Fish Oils. Liver Oils. 
Artificial Train Oil.. Wool Fat: Properties, Purified Wool Fat. Spermaceti: Examination 

of Fats and Oils in General. 
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Press Opinions. 
‘The descriptions of technical processes are clear, and the book is well illustrated and 

should prove useful.”—Manchester Guardian. 
‘It is a valuable work, not only for the student, but also for the practical manufacturer of 

oil and fat products.”—Journal of the American Chemical Society. ; 
“The work is very fully illustrated, and the style throughout is in strong contrast to that 

employed in many such treatises, being simple and clear.”"—Shoe and Leather Record. 
“ An important handbook for the ‘fat industry,’ now a large one. The explanation of the 

most scientific processes of production lose nothing of their clearness in the translation.”— 
Newcastle Chronicle. 

“ The latest and most improved forms of machinery are in all cases indicated, and the many 
advances which have been made during the past years in the methods of producing the more 
common animal fats—lard, tallow and butter—receive due attention.”—Glasgow Herald. 

VEGETABLE FATS AND OILS: Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. A Handbook for Oil Manufacturers 
and Refiners, Candle, Soap and Lubricating Oil Makers, and the Oil 
and Fat Industry in General. Translated from the German of Louis 

-Epcar AnD&s. 94 Illustrations. 320 pp. 1897. Demy 8vo. Price 
10s. 6d.; India and Colonies, 1ls.; Other Countries, 12s.; strictly net. 

Contents. Pan 
Statistical Data. General Properties of the Vegetable Fats and Oils. Estimation of the 

Amount of Oil in Seeds. Table of Vegetable Fats and Oils, with French and German 
Nomenclature, Source and Origin and Percentage of Fat in the Plants from which they are 
Derived. The Preparation of Vegetable Fats and Oils: Storing Oil Seeds; Cleaning the Seed. 
Apparatus for Grinding Oil Seeds and Fruits. Installation of Oil and Fat Works. Ex- 
traction Method of Obtaining Oils and Fats. Oil Extraction Installations. Press Moulds. 
Non-drying Vegetable Oils. Vegetable drying Oils. Solid Vegetable Fats. Fruits Yielding 
Oils and Fats. Wool-softening Oils. Soluble Oils. Treatment of the Oil after Leaving the 
Press Improved Methods of Refining with Sulphuric Acid and Zine Oxide or Lead Oxide. 
Refining with Caustic Alkalies, Ammonia, Carbonates of the Alkalies, Lime. Bleaching Fats 
and Oils. Practical Experiments on the Treatment of Oils with regard to Refining and 
Bleaching. Testing Oils and Fats. 

Press Opinions. 
* Concerning that and all else within the wide and comprehensive connection involved, 

this book must be invaluable to every one directly or indirectly interested in the matters it 
treats of.”—Commerce. 

“The proprietors of the O11 and Colourman’s Journal have not only placed a valuable and 
highly interesting book of reference in the hands of the fats and oils industry in|general, but 
bie rendered no slight service to experimental and manufacturing chemists.”—Manufacturing 

enust, 

IRON -CORROSION, ANTI-FOULING AND ANTI- 
CORROSIVE PAINTS. By Louis Epcar Anp#s. 62 Illus- 
trations. 275pp. Translated fromthe German. DemyS8vo. 1900. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s. ; strictly net. 

Contents. 
Ironrust and its Formation—Protection trom Rusting by Paint—Grounding the Iron with 

Linseed Oil, etc.—Testing Paints—Use of Tar for Painting on Iron—Anti-corrosive Paints— 
Linseed Varnish—Chinese Wood Oil—Lead Pigments—Iron Pigments—Artificial Iron Oxides 
—Carbon—Preparation of Anti-corrosive Paints—Results of Examination of Several Anti- 
corrosive Paints—Paints for Ship’s Bottoms—Anti-fouling Compositions—Various Anti-cor: 
rosive and Ship’s Paints—Official Standard Specifications for Ironwork Paints—Index. 

Press Opinions. 
“This is a very valuable book, translated from the German, discussing in detail anti-fouling 

and anti-corrosive paints.”—British Mercury. 
“Will be of great service to paint manufacturers, engineering contractors, ironfounders, 

shipbuilders and others.”—Engineer and Iron Trades Advertiser. 
“The book before us deals with the subject in a manner at once practical and scientific, and 

is well worthy of the attention of all builders, architects and engineers.”—The Builder. 
“The book is very readable and full of valuable information, and bearing in mind the 

importance of the subject treated, it is one which engineers will be well advised to procure at 
an early date.”—Railway Engineer. 

**The author goes fully into his subject, and the translator has been successful in repro- 
ducing in another language what he has to say. There are given in the text numerous 
illustrations of the rusting of iron, prepared in the course of a’series of personal expefiments 
on the formation of rust.”—Journal of Gas Lighting. 

“This work is a very elaborate and useful record of the various phenomena in connection 
with the corrosion of iron and its protection against corrosion. ... The book is an exceed- 
ingly useful record of what has been done in connection with iron preservation, and will 
undoubtedly prove to be of much value to railway engineers, shipowners, etc.”—Fairplay. 

’ 
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“ Herr Andés’ book, written purely from a scientific standpoint, will be particularly useful 
to iron manufacturers, shipbuilders and shipowners. . . . The book is beautifully printed on 
good paper, and its appearance does credit to the publishers; the work of translation has been 
remarkably well done, the language bearing none of those irritating traces of Teutonism which 
disfigure so many English versions of German technical works.”—The Ironmonger. 

“This knowledge is conveyed with characteristic German thoroughness in this useful work 
of Herr Andés, which loses nothing of clearness in Mr. Salter’s excellent translation. The 
causes of rust formation are examined, the proper methods of cleansing the ironwork detailed, 
and the constitution and application of suitable preventative coverings explained... . The 
book is a welcome contribution to technological literature, and will be found worthy of the 
careful study of all who are professionally engaged in the arrangement or superintendence of 
the class of work dealt with.”— Western Daily Mercury. 

‘The author explains the nature of rust and its formation, and the text is illustrated from 
about fifty photographs. An immense amount of carefully arranged information follows as to 
the best methods of applying anti-corrosive substances and the various pigments most effi- 
cacious for use under all circumstances. The author has evidently thoroughly investigated and 
mastered the subject of iron corrosion, its cause and its prevention; and we regard his book as 
of the greatest importance to bridge-builders and makers and users of structural iron and 
steel. The book is illustrated throughout and is admirably indexed and arranged.”—Ivon and 
Steel Trades Journal. 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of LuciEN GESCHWIND. 195 Illustrations. Nearly 
400 pp. Royal 8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d. ; 
Other Countries, 15s.; strictly net. 

Contents, 
Part I., Theoretical Study of Aluminium, Iron, and Compounds of these Metals. 

—Chapters I., Aluminium and its Compounds.—II., Iron and Iron Compounds. 
Part II., Manufacture of Aluminium Sulphates and Sulphates of Iron.—Chapters III., 

Manufacture of Aluminium Sulphate and the Alums.—IV., Manufacture of Sulphates of Iron. 
Part III., Uses of the Sulphates of Aluminium and Iron.—Chapters V., Uses of 

Aluminium Sulphate and Alums—Application to Wool and Silk—Preparing and using Aluminium 
Acetates—Employment of Aluminium Sulphate in Carbonising Wool—The Manufacture of 
Lake Pigments—Manufacture of Prussian Blue—Hide and Leather Industry—Paper Making— 
Hardening Plaster—Lime Washes—Preparation of Non-inflammable Wood, etc.—Purifica- 
tion of Waste Waters.—VI., Uses and Applications of Ferrous Sulphate and Ferric 
Sulphates.—Dyeing—Manufacture of Pigments—Writing Inks—Purification of Lighting Gas 
—Agriculture —Cotton Dyeing — Disinfectant — Purifying Waste Liquors— Manufacture of 
Nordhausen Sulphuric Acid—Fertilising. 

Part IV., Chemical Characteristics of Iron and Aluminium.—Analysis of Various 
Aluminous or Ferruginous Products.—Chapter VII., Aluminium.—Analysing Aluminium 
Products.—Alunite Alumina—Sodium Aluminate—Aluminium Sulphate. Chapter VIII., Iron. 
—Analytical Characteristics of Iron Salts—Analysis of Pyritic Lignite—Ferrous and Ferric 
Sulphates—Rouil Mordant—Index. 

MANUAL OF AGRICULTURAL CHEMISTRY. By 
HERBERT INGLE, F.I.C., Lecturer on Agricultural Chemistry, the 
Yorkshire College ; Lecturer in the Victoria University. [In the press. 

Contents. 
Chapters I., Introduction.—II., The Atmosphere.—III., The Soil—IV., The Reactions 

occurring in Soils.—V., The Analysis of Soils.—VI., Manures, Natural.—VII., Manures (con- 
tinued).—VIII., The Analysis of Manures.—IX., The Constituents of Plants.—X., The Plant.— 

XI., Crops.—XII., The Animal. 

LUBRICATING OILS, FATS AND GREASES: Their 
Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By GEorcE H. Hurst, F.C.S. Second Edition. 
Sixty-five Illustrations. 313 pp. Demy 8vo. 1901. Price 10s. 6d. ; 
India and Colonies, 1ls.; Other Countries, 12s.; strictly net. 

Contents. 
Chapters I., Introductory. Oils and Fats, Fatty Oils and Fats, Hydrocarbon Oils, Uses 

of Oils.—II., Hydrocarbon Oils. Distillation, Simple Distillation, Destructive Distillation, 
Products of Distillation, Hydrocarbons, Paraffins, Olefins, Napthenes.—III., Scotch Shale 
Oils. Scotch Shales, Distillation of Scotch Oils, Shale Retorts, Products of Distilling Shales. 
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Separating Products, Treating Crude Shale Oil, Refining Shale Oil, Shale Oil Stills, Shale 
Naphtha Burning Oils, Lubricating Oils, Wax.—IV., Petroleum. Occurrence, Geology, Origin, 
Composition, Extraction, Refining, Petroleum Stills, Petroleum Products, Cylinder Oils, 
Russian Petroleum, Deblooming Mineral Oils.—V., Vegetable and Animal Oils. Intro- 
duction, Chemical Composition of Oils and Fats, Fatty Acids, Glycerine, Extraction of Animal 
and Vegetable Fats and Oils, Animal Oils, Vegetable Oils, Rendering, Pressing, Refining, 
Bleaching, Tallow, Tallow Oil, Lard Oil, Neatsfoot Oil, Palm Oil, Palm Nut Oil, Cocoanut 
Oil, Castor Oil, Olive Oil, Rape and Colza Oils, Arachis Oil, Niger Seed Oil, Sperm Oils, 
Whale Oil, Seal Oil, Brown Oils, Lardine, Thickened Rape Oil.—VI., Testing and Adultera- 
tion of Oils. Specific Gravity, Alkali Tests, Sulphuric Acid Tests, Free Acids in Oils, Vis- 
cosity Tests, Flash and Fire Tests, Evaporation Tests, Iodine and Bromide Tests, Elaidin 
Test, Melting Point of Fat, Testing Machines.—VII., Lubricating Greases. Rosin Oil, 
Anthracene Oil, Making Greases, Testing and Analysis of Greases.—VIII., Lubrication. 
Friction and Lubrication, Lubricant, Lubrication of Ordinary Machinery, Spontaneous Com- 
bustion of Oils, Stainless Oils, Lubrication of Engine Cylinders, Cylinder Oils —Appendices. 
A. Table of Baume’s Hydrometer—B. Table of Thermometric Degrees—C. Table of Specific 
Gravities of Oils—Index. 

Press Opinions. 
“ The book is well printed, and is a credit alike to author, printer and publisher.”—Textile 

Mercury. 
“Tt will be a valuable addition to the technical library of every steam user’s establishment.” 

—Machinery Market. 
“ Mr. Hurst has in this work supplied a practical treatise which should prove of especial 

value to oil dealers, and also, though in a less degree, to oil users.”—Textile Manufacturer. 
“ This is a clear and concise treatment of the method of manufacturing and refining lubri- 

cating oils. . . . The book is one which is well worthy the attention of readers who are users 
of oil.” —Textile Recorder. 

“We have no hesitation in saying that in our opinion this book ought to be very useful to 
all those who are interested in oils, whether as manufacturers or users of lubricants, or to 
those chemists or engineers whose duty it may be to report upon the suitability of the same 
for any particular class of work.’—Engineer. 

‘The author is widely known and highly respected as an authority on the chemistry of oils 
and the technics of lubrication, and it is safe to say that no work of similar interest or equal 
value to the general oil-selling and consuming public has heretofore appeared in the English 
language.”—Drugs, Oils and Paints, U.S.A. 

“This valuable and useful work, which is both scientific and practical, has been written 
with a view of supplying those who deal in and use oils, etc., for the purpose of lubrication, 
with some information respecting the special properties of the various products which cause 
these various oils to be of value as lubricants.”—Industries and Iron. 

“A mere glance at the table of contents is sufficient to show how various are the conditions 
to which these materials have to be applied, how much knowledge is required for the selection 
of the right kind for each particular purpose, and how by processes of mixture or manufacture 
the requisite qualities are obtained in each case.”—Manchester Guardian. 

AMMONTA AND ITS COMPOUNDS: Their Manufacture 
and Uses. By CAMILLE VINCENT, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
SALTER. Royal 8vo. 113 pp. 1901. Thirty-two Illustrations. Price 
5s.; India and Colonies, 5s. 6d.; Other Countries, 6s.; strictly net. 

Contents. 
Chapters I., General Considerations: Sections 1. Various Sources of Ammoniacal 

Products; 2. Human Urine as a Source of Ammonia. II., Extraction of Ammoniacal 
Products from Sewage: Sections 1. Preliminary Treatment of Excreta in the Settlin 
Tanks—The Lencauchez Process, The Bilange Process, The Kuentz Process; 2. Treatment o 
the Clarified Liquors for the Manufacture of Ammonium Sulphate—The Figuera Process and 
Apparatus, Apparatus of Margueritte and Sourdeval, The Lair Apparatus, Apparatus of Sintier 
and Muhé, Apparatus of Bilange, The Kuentz Process, Process and Apparatus of Hennebutte 
and De Vauréal; 3. Treatment of Entire Sewage—Chevalet’s Apparatus, Paul Mallet’s 
Apparatus, Lencauchez’s Apparatus. III., Extraction of Ammonia from Gas Liquor: 
Sections 1. Clarification of Gas Liquor; 2. Manufacture of Ammonium Sulphate—A. Mallet’s 
Apparatus, A. Mallet’s Modified Apparatus, Paul Mallet’s Apparatus, Chevalet’s Apparatus, 
Grineberg’s Apparatus; 3. Concentration of Gas Liquor—Solvay’s Apparatus, Kuentz’s 
Apparatus, Griineberg’s Apparatus. IV., Manufacture of Ammoniacal Compounds from 
Bones, Nitrogenous Waste, Beetroot Wash and Peat: Sections 1. Ammonia from Bones ; 
2. Ammonia from Nitrogenous Waste Materials; 3. Ammonia from Beetroot Wash (Vinasse) ; 
4, Ammonia from Peat—Treatment of the Ammoniacal Liquors. V., Manufacture of 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate: Sections 1. 
Manufacture of Caustic Ammonia; 2. Manufacture of Ammonium Chloride—From Fermented 
Urine, Process of the Lesage Company, Kuentz’s Process; From Gas Liquor, English Process, 
Kuentz’s Process; From the Dry Distillation of Animal Matter; From Ammonium Sulphate, 
Sublimation; 3. Ammonium Phosphates; 4. Carbonates of Ammoni Sesquicarbonate from 
Animal Matter, English Process, Uses. VI., Recovery of Ammonia from the Ammonia= 
Soda Mother Liquors: Sections 1. General Considerations; 2. Apparatus of Schloesing and 
Rolland; 3. Apparatus of the Société Anonyme de |’Est.—Index. 
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THE MANUFACTURE OF VARNISHES, OIL RE- 
FINING AND BOILING, AND KINDRED INDUS- 
TRIES. Describing the Manufacture of Spirit Varnishes 
and Oil Varnishes; Raw Materials: Resins, Solvents and Colouring 
Principles; Drying Oiis: their Properties, Applications and Prepara- 
tion by both Hot and Cold Processes; Manufacture, Employment and 
Testing of Different Varnishes. Translated from the French of Acu. 
LIVACHE, Ingénieur Civil des Mines. Greatly Extended and Adapted 
to English Practice, with numerous Original Recipes. By JOHN 
GEDDES McINTOsH, Lecturer on Oils, Colours and Varnishes, Regent 
Street Polytechnic. Twenty-seven Illustrations. 400 pp. Demy 8vo. 
1899. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 
15s. ; strictly net. 

Contents. 

I. Resins: Gum Resins, Oleo Resins and Balsams, Commercial Varieties, Source, Collec- 
tion, Characteristics, Chemical Properties, Physical Properties, Hardness, Adulterations, 
Appropriate Solvents, Special Treatment, Special Use.—II. Solvents: Natural, Artificial, 
Manufacture, Storage, Special Use.—III. Colouring: Principles, (1) Vegetable, (2) Coal Tar, 
(3) Coloured Resinates, (4) Coloured Oleates and Linoleates——Gum Running: [Furnaces, 
Bridges, Flues, Chimney Shafts, Melting Pots, Condensers, Boiling or Mixing Pans, Copper 
Vessels, Iron Vessels (Cast), Iron Vessels (Wrought), Iron Vessels (Silvered), Iron Vessels 
Enamelled), Steam Superheated Plant, Hot-air Plant.—Spirit Varnish Manufacture: Cold 
Solution Plant, Mechanical Agitators, Hot Solution Plant, Jacketted Pans, Mechanical 
Agitators, Clarification and Filtration, Bleaching Plant, Storage Plant.—Manufacture, Char- 
acteristics and Uses of the Spirit Varnishes yielded by: Amber, Copal, Dammar, Shellac, 
Mastic, Sandarac, Rosin, Asphalt, India Rubber, Gutta Percha, Collodion, Celluloid, Resin- 
ates, Oleates.—Manufacture of Varnish Stains——Manufacture of Lacquers.—Manufacture of 
Spirit Enamels.—Analysis of Spirit Varnishes.—Physical and Chemical Constants of Resins. 
—Table of Solubility of Resins in different Menstrua.—Systematic qualitative Analysis of 
Resins, Hirschop’s tables.—Drying Oils: Oil Crushing Plant, Oil Extraction Plant, Individual 
Oils, Special Treatment of Linseed Oil, Poppyseed Oil, Walnut Oil, Hempseed Oil, Llamantia 
Oil, Japanese Wood Oil, Gurjun Balsam, Climatic Influence on Seed and Oil.—Oil Refining: 
Processes, Thenard’s, Liebig’s, Filtration, Storage, Old Tanked Oil.—Oil Boiling: Fire Boil- 
ng Plant, Steam Boiling Plant, Hot-Air Plant, Air Pumps, Mechanical Agitators, Vincent’s 
Process, Hadfield’s Patent, Storer’s Patent, Walton’s Processes, Continental Processes, Pale 
Boiled Oil, Double Boiled Oil, Hartley and Blenkinsop’s Process.—Driers: Manufacture, 
Special Individual Use of (1) Litharge, (2) Sugar of Lead, (3) Red Lead, (4) Lead Borate, 
(5) Lead Linoleate, (6) Lead Resinate, (7) Black Oxide of Manganese, (8) Manganese Acetate,. 
(9) Manganese Borate, (10) Manganese Resinate, (11) Manganese Linoleate, Mixed Resinates 
and Linoleates, Manganese and Lead, Zinc Sulphate, Terebine, Liquid Driers.—Solidified 
Boiled Oil. Manufacture of Linoleum.—Manufacture of India Rubber Substitutes.—Printing 
Ink Manufacture —Lithographic Ink Manufacture.—Manufacture of Oil Varnishes.—Running 
and Special Treatment of Amber, Copal, Kauri; Manilla.—Addition of Oil to Resin.—Addition 
of Resin to Oil——Mixed Processes.—Solution in Cold of previously Fused Resin.—Dissolving 
Resins in Oil, etc., under pressure. —Filtration.—Clarification.—Storage.—Ageing.—Coach- 
makers’ Varnishes and Japans.—Oak Varnishes.—Japanners’ Stoving Varnishes.—Japanners’ 
Gold Size.—Brunswick Black.—Various Oil Varnishes.—Oil-Varnish Stains.—Varnishes for 
‘* Enamels ”.—-India Rubber Varnishes.—Varnishes Analysis: Processes, Matching.—Faults in 
Varnishes: Cause, Prevention.—Experiments and Exercises. 

Press Opinions. 

“There is no question that this is a useful book.”—Chemist and Druggist. 
“The different formulz which are quoted appear to be far more ‘ practical’ than such as. 

are usually to be found in text-books; and assuming that the original was published two or 
three years ago, and was only slightly behindhand in its information, the present volume gives 
a fair insight into the position of the varnish industry.”—The Ironmonger. 

Letter from the Teacher of a Technical Class. 

‘*As a teacher I have often been consulted as to the best work on Varnish Manufacture 
and kindred industries, and have been at a loss in recommending a really practical one. It is 
therefore with pleasure that I can now testify as to the merits of the book on these subjects. 
by A. Livache and J. G. McIntosh recently published by Messrs. Scott, Greenwood &Co. In 
my opinion no varnish maker ought to be without it; moreover, it is the best text-book that 
could be put into the hands of trade students or beginners. It has also the merits of being 
thoroughly up-to-date and of possessing a remarkably comprehensive index. I can conscien- 
tiously recommend it to my students and trade friends.”.—CHARLES HARRISON, Lecturer on. 
= on of Painters’ Oils, Colours and Varnishes, Borough Polytechnic, Borough 

oad, S.E. 
“23rd May, 1898” 
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THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. JEnnison, 
F.1.C., F.C.S. Sixteen Coloured Plates, showing Specimens of 
Eighty-nine Colours, specially prepared from the Recipes given 
in the Book. 136 pp. Demy 8vo. . 1900. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 

Chapters I., Introduction—il., The Groups of the Artificial Colouring Matters.—III., The 
Nature and Manipulation of Artificial Colours.—IV., Lake-forming Bodies for Acid Colours.— 
V., Lake-forming Bodies’ Basic Colours.—VI., Lake Bases.—VII., The Principles of Lake 
Formation.—VIII., Red Lakes.—IX., Orange, Yellow, Green, Blue, Violet and Black Lakes.— 
X., The Production of Insoluble Azo Colours in the Form of Pigments.—XI., The General 
Properties of Lakes Produced from Artificial Colours.—XII., Washing, Filtering and Fin- 
ishing.—XIII., Matching and Testing Lake Pigments.—Index. 

Press Opinions. 

“It is evidently the result of prolonged research, and cannot but prove a valuable con- 
sulting work to those engaged in the industry.”—Derby Mercury. 

“The practical portion of the volume is the one which will especially commend itself, as 
that is the part of the subject which most readers would buy the book for.”—Chemist and 
Druggist. 

“This work just issued is a very valuable treatise on the manufacture of lake pigments of 
the coal-tar series principally. The plan adopted by the author in writing up the subject 
enables the manufacture to be very readily understood. . .. The general properties of lakes 
roduced from artificial colours, washing, filtering and finishing, and matching and testing 
ake pigments are well and exhaustively described, so that no manufacturer or user of lake 
pigments can well afford to be without this work.’—Chemical Trade Journal. 

“This is undoubtedly a book which will occupy a very high place amongst technical works, 
and will prove of exceptional value to all whom it immediately concerns. We have no 
hesitation in reeommending it as one of the best works of its class we have ever read. Mr. 
Jennison has set about his task with a lucid style, and with a complete mastery of his subject. 

.. We do not think students of the technical side of the paint and colour industry can 
possibly spend 7s. 6d. in a more profitable way than by buying this publication.”—Eastern 
Morning News. 

THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jongs, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. 1900. Price 5s. ; 
India and Colonies, 5s. 6d.; Other Countries, 6s.; strictly net. 

Contents. 

Aluminium Compounds. China Clay. Iron Compounds. Potassium Compounds. Sodium 
Compounds. Ammonium Hydrate. Acids. Chromium Compounds. Tin Compounds. Cop- 
per Compounds. Lead Compounds. Zinc Compounds. Manganese Compounds. Arsenic 
Compounds. Antimony Compounds. Calcium Compounds. Barium Compounds. Cadmium 
Compounds. Mercury Compounds. Ultramarine. Cobalt and Carbon Compounds. Oils 
Index. ' 

Press Opinions. 
“Though this excellent little work can appeal only to a limited class, the chemists in colour 

works, yet it will appeal to them very strongly indeed, for it will put them on the track of 
short, rapid, and yet approximately, accurate methods of testing the comparative value of 
competing samples of raw material used in paint and colour manufacture.”—North British 
Daily Mail. 

“This little text-book is intended to supplement the larger and more comprehensive works 
on the subject, and it embodies the result of Mr. Jones’ experiments and experiences, extend- 
ng over a long period. It gives, under separate headings, the principal ingredients and im- 
purities found in the raw materials, and is a handy work of reference for ascertaining what is 
valuable or detrimental in the sample under examination.”—Blackburn Times. 

“There is no attempt at literary adornment nor straining after literary effect, but the 
lessons are imparted in simple and concise language. This is just what a text-book should 
be... . The treatise is certainly most useful, and bears internal evidence of being the results 
of actual work in a busy manufactory and not of ephemeral cramming in a technical school. 
The chapter arrangement is good, the index satisfactory, and the book is altogether one which 
Bs practical chemist should keep as accessible to his crucibles and filter paper.” —Manchester 
ourier. 
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THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Illustrated with Twenty Engravings. 400 pp. 
1899. Demy 8vo. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other 
Countries, 15s.; strictly net.’ 

Contents. 
Chapters I., The General Properties of Essential Oils.—II.. Compounds occurring 

in Essential Oils.—III., The Preparation of Essential Oils.—IV., The Analysis of 
Essential Oils.—V., Systematic Study of the Essential Oils.—VI., Terpeneless Oils.— 
VII., The Chemistry of Artificial eda Duinine ee: Table of Constants. 

Press Opinion 
“There can be no doubt that the publication will take . ‘high place in the list of scientific 

text-books.”—London Argus 
“We can heartily recommend this volume to all interested in the subject of essential oils 

from the scientific or the commercial standpoint.”—British and Colonial Druggist. 
“Mr. Parry has done good service in carefully collecting and marshalling the results of the 

numerous researches published in various parts of the world.”—Pharmaceutical Journal. 
“ At various times monographs have been printed by individual workers, but it may safely 

be said that Mr. Parry is the first in these latter days to deal with the subject in an adequate 
manner. His book is well conceived and well written. . . . He is known to have sound practi- 
cal experience in analytical methods, and he has apparently taken pains to make himself au fait 
with the commercial aspects of the subject.”—Chemist and Druggist. 

“Mr. Parry’s reputation as a scientist is fully established, and we can therefore accept any 
work emanating from his pen as being of the greatest practical value. We have perused the 
work before us with much care, and are convinced that the contents will be found most service- 
able and its publication most opportune. ... He avoids unnecessary details, but includes 
everything that is essential to systematic treatment, while he attempts no more ‘than to give 
an outline of the principles involved’. . . . We congratulate Mr. Parry on the scientific value 
of his work, and hope that if the progress of the colonies in the manufacture of essential oils 
and perfumes equals what we are justified in éxpecting, it will become an Australian hand-book, 
everywhere appreciated.” —The Australian Brewers’ Journal. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L.E. Anpés. A Practical Work 
for Manufacturers of Oils, Varnishes, Printing Inks, Oilcloth and Lino- 
leum, Oilcakes, Paints, etc. Expressly Written for this Series of Special 
Technical Books, and the Publishers hold the Copyright for English and 
Foreign Editions. Forty-two Illustrations. 360 pp. 1901. Demy 8vo. 
Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 15s. ; 
strictly net. 

Contents. 
Chapters I., General Chemical and Physical Properties of the Drying Oils; Cause of the 

Drying Property : Absorption of Oxygen; Behaviour towards Metallic Oxides, etc.—II., The 
Properties of and Methods for obtaining the Drying Oils.—III., Production of the Drying Oils 
by Expression and Extraction; Refining and Bleaching; Oil Cakes and Meal; The Refining 
and Bleaching of the Drying Oils; The Bleaching of Linseed Oil.—IV., The Manufacture of 
Boiled Oil; The Preparation of Drying Oils for Use in the Grinding of Paints and Artists’ 
Colours and in the Manufacture of Varnishes by Heating over a Fire or by Steam, by the Cold 
Process, by the Action of Air, and by Means of the Electric Current; The Driers used in 
Boiling Linseed Oil; The Manufacture of Boiled Oil and the Apparatus therefor; Livache’s 
Process for Preparing a Good Drying Oil and its Practical Application.—V., The Preparation 
of Varnishes for Letterpress, Lithographic and Copperplate Printing, for Oilcloth and Water- 
proof Fabrics; The Manufacture of Thickened Linseed Oil, Burnt Oil, Stand Oil by Fire Heat, 
Superheated Steam, and by a Current of Air.—VI., Behaviour of the Drying Oils and Boiled 
Oils towards Atmospheric Influences, Water, Acids and Alkalies.—VII., Boiled Oil Substitutes. 
—VIII., The Manufacture of Solid and Liquid Driers from Linseed Oil and Rosin; Linolic 
Hee Sompounny of the Driers.—_IX., The Adulteration and Examination of the Drying Oils 
and Boiled Oil. 

REISSUE OF CHEMICAL ESSAYS OF GC. W. 
SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. 1901. Price 5s.; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

. Contents. 
Memoir: C. W. Scheele and his work (written for this edition)—Chapters I., On Fluor 

Mineral and its Acid.—II., On Fluor Mineral.—III., Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. Wiegler.—IV., Additional Information 
ee Fluor Minerals,—V., On Manganese, Magnesium, or Magnesia Vitrariorum. 
—VI., On Arsenic and its Acid. NAL Remarks upon Salts of Benzoin —VIII., On Silex, 
Clay and Alum.—IX., Analysis of the Calculus Vesical. —X., Method of Preparing Mercurius 
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Dulcis Via Humida.—XI., Cheaper. and more Convenient Method of Preparing Pulvis 
Algarothi.—XII., Experiments upon Molybdzena.—XIII., Experiments on Plumbago.—XIV., 
Method of Preparing a New Green Colour.—XV., Of the Decomposition of Neutral Salts by 
Unslaked Lime and Iron.—XVI., On the Quantity of Pure Air which is Daily Present in our 
Atmosphere.—XVII., On Milk and its Acid.—XVIII., On the Acid of Saccharum Lactis.— 
XIX., On the Constituent Parts of Lapis Ponderosus or Tungsten.—XX., Experiments and 
Observations on Ether. 

GLUE AND GLUE TESTING. By Samvet Ripeat, D.Sc. 
Lond., F.I.C. Fourteen Engravings. 144 pp. Demy 8vo. 1900. Price 
10s. 6d. ; India and Colonies, 1ls.; Other Countries, 12s.; strictly net. 

Contents. 
Chapters I., Constitution and Properties: Definitions and Sources, Gelatine, Chondrin 

and Allied Bodies, Physical and Chemical Properties, Classification, Grades and Commercial 
Varieties.—II., Raw Materials and Manufacture: Glue Stock, Lining, Extraction, Washing 
and Clarifying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of 
Antiseptics, Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Pro- 
ducts.—III., Uses of Glue: Selection and Preparation for Use, Carpentry, Veneering, 
Paper-Making, Bookbinding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, 
etc., Substitutes for other Materials, Artificial Leather and Caoutchouc.—IV., Gelatine: 
General Characters, Liquid Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo- 
Gelatine, Artificial Silk, Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medi- 
cinal and other Uses, Bacteriology.—V., Glue Testing: Review of Processes, Chemical 
Examination, Adulteration, Physical Tests, Valuation of Raw Materials.—VI., Commercial 
Aspects. 

Press Opinions. 
“This work is of the highest technical character, and gives not only a full and practica! ac- 

count of the raw materials and manufacture of glues, gelatines and similar substances, but 
gives many hints and information on the use of such substances in veneering, carpentry and 
many other purposes. Many tests are given for glue in different stages of the progress of its 
manufacture, and the commercial value of a commodity so much in general use is exemplified 
by statistics and figures. It is certainly a valuable treatise upon an article for which very 
little literature in any form has previously been obtainable.”—Carpenter and Builder. 

‘* Books on the art of glue making are more than usually scarce, and users of that article, 
as well as those who may be tempted to embark in the industry, should therefore welcome 
this book by Dr. Samuel Rideal, a Fellow of the Institute of Chemistry, and a leading authority. 
In this book he has collected the more important facts connected with the manufacture of glue 
and allied products, and stated the experience he has gained in examining various commercial 
samples during the past ten years. . . . Dr. Rideal’s book must be regarded as a valuable con- 
tribution to other technical literature, which manufacturers, merchants and users may study 
with profit.”—British Trade Journal. : 

“This volume is the latest addition to the excellent series of special technical works for 
manufacturers and professional and commercial men issued by the well-known publishers of 
The Oil and Colourman’s Journal, The volume in every way fully maintains the high standard 
of excellence of the whole series, and deals with the subject of glue making and glue testing in 
a thoroughly exhaustive manner. Chapters are given on the constitution and properties, and 
raw material and manufacture, and of the uses of glue, and in this latter respect it will doubtless 
be information to many readers to learn to what extent glue enters into the manufacture of 
many commercial products not apparently associated with glue. Exhaustive chapters on the 
processes and methods of glue testing, and on its commercial aspects, complete this useful and 
most carefully prepared volume.”—Carriage Builders’ Journal. 

TECHNOLOGY OF PETROLEUM: Oil Fields of the 
World—Their History, Geography and Geology—Annual Production 
and Development—Oil-well Drilling—Transport. By HENRy NEv- 
BERGER and HENRY NOALHAT. Translated from the French by J. G. 
McInTosu. 550 pp. 153 Illustrations. 26 Plates. Royal 8vo. 1901. Price 
21s.; India and Colonies, 22s.; Other Countries, 23s. 6d.; strictly net. 

, Contents. 
Part I., Study of ithe Petroliferous Strata—Chapters I., Petroleum—Definition.—II., 

The Genesis or Origin of Petroleum.—III., The Oil Fields of Galicia, their History.—IV., 
Physical Geography and Geology of the Galician Oil Fields.—V., Practical Notes on Galician 
Land Law—Economic Hints on Working, etc.—VI., Roumania—History, Geography, Geology. 
—VII., Petroleum in Russia—History.—VIII., Russian Petroleum (continued)—Geography and 
Geology of the Caucasian Oil Fields.—IX., Russian Petroleum (continued).—X., The Secondary 
Oil Fields of Europe, Northern Germany, Alsace, Italy, etc.—XI., Petroleum in France.—XIL., 
Petroleum in Asia—Transcaspian and Turkestan Territory—Turkestan—Persia—British 
India and Burmah—British Burmah or Lower Burmah—China—Chinese Thibet—Japan, 
Formosa and Saghalien.—XIII., Petroleum in Oc ia—S tra, Java, Borneo—Isle of 
Timor—Philippine Isles—New Zealand.—XIV., The United States of America—History.— 
XV., Physical Geology and Geography of the United States Oil Fields —XVI., Canadian and 
other North American Oil Fields.—XVII., Economic Data of Work in North America.— 
evil Petroleum in the West Indies and South America.—XIX., Petroleum in the French 
olonies. 
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Part II., Excavations.—Chapter XX., Hand Excavation or Hand Digging of Oil Wells. 
Part III., Methods of Boring.—Chapters XXI., Methods of Oil-well Drilling or Boring. 

—XXII., Boring Oil Wells with the Rope.—XXIII., Drilling with Rigid Rods and a Free-fall— 
Fabian System.—XXIV., Free-fall Drilling by Steam Power.—XXV., Oil-well Drilling by the 
Canadian System.—XXVI., Drilling Oil Wells on the Combined System.—XXVII., Com- 
parison between the Combined Fauck System and the Canadian.—XXVIII., The American 
System of Drilling with the Rope.—XXIX., Hydraulic Boring with the Drill by Hand and 
Steam Power.—XXX., Rotary Drilling of Oil Wells, Bits, Steel-crowned Tools, Diamond 
Tools—Hand Power and Steam Power—Hydraulic Sand-pumping.—XXXI., Improvements 
in and different Systems of Drilling Oil Wells. 

Part IV., Accidents.—Chapters XXXII., Boring Accidents—Methods of preventing them 
—Methods of remedying them.—X XXIII., Explosives and the use of the “ Torpedo” Leviga- 
tion.—_ XXXIV., Storing and Transport of Petroleum.—XXXV., General Advice—Prospecting, 
Management and carrying on of Petroleum Boring Operations. 

Part V., General Data.—Customary Formulz.—Memento. Practical Part. General 
Data bearing on Petroleum.—Glossary of Technical Terms used in the Petroleum Industry.— 
Copious Index. 

A DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By Georce H. Hurst, F.C.S. Demy 
Svo. 380 pp. 1901. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 

. Contents. 
The names of the Chemicals and Raw Products are arranged in alphabetical order, and 

the description of each varies in length from half to eight pages. The following are some of 
the articles described and explained: Acetates—Acetic Acid—Acidimetry—Alcohol—Alum— 
Ammonia—Amber—Animi—Arsenic—Beeswax—Benzol—Bichromates of Potash and Soda— 
Bleaching Powder—Bone Black—Boric Acid—Brunswick Green—Cadmium Yellow—Car- 
bonates—Carmine—Carnauba Wax—Caustic Potash and Soda—Chrome Colours—Clay—Coal 
Tar Colours—Copal—Dammar—Drying Oils—Emerald Green—Gamboge—Glue—Glycerine— 
Gums—Gypsum—Indian Red—Japanese Lacquer—Lac—Lakes—Lamp Black—Lead Com- 
pounds—Linseed Oil—Magnesia—Manganese Compounds—Mica—Nitric Acid—Ochres— 
Orange Lead—Orr’s White—Paraffin—Prussian Blue—Rosin Oil—Sepia—Sienna—Smalts— 
Sodium Carbonate—Sublimed White Lead—Sulphuric Acid—Terra Verte—Testing Pigments 
—Turpentine—Ultramarine—Umbers—Vermilionettes—White Lead—Whiting—Zine Com- 
pounds.—Appendix: Comparison of Baumé Hydrometer and Specific Gravity for Liquids 
Lighter than Water—Hydrometer Table for Liquids Heavier than Water—Comparison of 
Temperature Degrees—Tables for Converting French Metric Weights and Measures into 
English—Table of the Elements—etc., etc.—Copious Index. 

Press Opinions. 
‘“« This treatise will be welcomed by those interested in this industry who have not secured 

the full advantage of a course of scientific training.” —Chemical Trade Journal. 
“In concise and lucid terms almost every ingredient used in paint and colour manufacture 

is described, together with the methods of testing their intrinsic and chemical value.’”— 
Pontefract Express. 

“Such a book of reference for paint, colour and varnish manufacturers has long been 
needed, and in Mr. Hurst the publishers have secured a compiler who is not only a well-known 
authority and expert, but who has the gift of communicating his knowledge in a concise and. 
lucid form.”—Manchester Courier. 

PURE AIR, OZONE AND WATER. A Practical Treatise 
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. CowELL. Twelve Illustrations. 1900. 
Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

} Contents. 
Chapters I., Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils ; 

Preparing Siccative Drying Oils.—II., Compressed Air; Whitewash.—III., Liquid Air; Retro- 
cession.—IV., Purification of Water; Water Hardness.—V., Fleshings and Bones.—VI., Ozon- 
ised Air in the Bleaching and Deodorising of Fats, Glues, etc.; Bleaching Textile Fibres.— 
Appendix: Air and Gases; Pressure of Air at Various Temperatures; Fuel; Table of Com- 
bustibles; Saving of Fuel by Heating Feed Water; Table of Solubilities of Scale Making 
Minerals; British Thermal Units Tables; Volume of the Flow of Steam into the Atmosphere ; 
Temperature of Steam.—Index. 

d Press Opinions. 
“This is a valuable work in little space. ... In arrangement it is a commendable work, 

and its value is increased by the index which brings the little volume to a close.”—Newcastle 
Daily Journal. 

“The book is written solely for manufacturers, who, without doubt, will find it exceedingly 
practical and useful. The volume contains an appendix wherein is given a great many tables, 
etc., which-manufacturers in the trades referred to will find of inestimable value.”—Blackburn 
Times, 
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THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters’ Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. JosEF BeRscuH. Translated from the Second 
Revised Edition by ARTHUR C. WriGuT, M.A. (Oxon.), B.Sc. (Lond.), 
formerly. Assistant Lecturer and Demonstrator in Chemistry at the 
Yorkshire College, Leeds. Forty-three Illustrations. 476 pp., demy 
8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other 
Countries, 15s.; strictly net. 

Contents. 

Chapters I., Introduction.—II., Physico-chemical Behaviour of Pigments.—IIl., Raw 
Materials Employed in the Manufacture of Pigments.—IV., Assistant Materials.—V., Metallic 
Compounds.—VI., The Manufacture of Mineral Pigments.—VII., The Manufacture of White 
Lead.—VIII., Enamel White.—IX., Washing Apparatus.—X., Zinc White.—XI., Yellow 
Mineral Pigments.—XII., Chrome Yellow.—XIII., Lead Oxide Pigments.—XIV., Other 
Yellow Pigments.—XV., Mosaiz Gold.—XVI., Red Mineral Pigments.—XVII., The Matnu- 
facture of Vermilion.—XVIII., Antimony Vermilion.—XIX., Ferric Oxide Pigments.—XX., 
Other Red Mineral Pigments.—XXI., Purple of Cassiusx—XXII., Blue Mineral Pigments.— 
XXIII., Ultramarine.—XXIV., Manufacture of Ultramarine.—XXV., Blue Copper Pigments. 
—XXVI., Blue Cobalt Pigments.—XXVII., Smalts.—XXVIII., Green Mineral Pigments.— 
XXIX., Emerald Green.—XXX., Verdigris—XXXI., Chromium Oxide.—XXXII., Other 
Green Chromium Pigments.—XXXIII., Green Cobalt Pigments.—XXXIV., Green Man- 
ganese Pigments.—XXXV., Compounded Green Pigments.—XXXVI., Violet Mineral Pig- . 
ments.—XXXVII., Brown Mineral Pigments.—XXXVIII., Brown Decomposition Products.— 
XXXIX., Black Pigments.—XL., Manufacture of Soot Pigments.—XLI., Manufacture of 
Lamp Black.—XLII., The Manufacture of Soot Black without Chambers.—XLIII., Indian 
Ink.— XLIV., Enamel Colours.— XLV., Metallic Pigments. — XLVI., Bronze Pigments — 
XLVII., Vegetable Bronze Pigments. 

PIGMENTS OF ORGANIC OrRIGIN.—Chapters XLVIII., Lakes.—XLIX., Yellow Lakes.—L., 
Red Lakes.—LI., Manufacture of Carmine.—LII., The Colouring Matter of Lac.—LIII., Saf- 
flower or Carthamine Red.—LIV., Madder and its Colouring Matters.—LV., Madder Lakes.— 
LVI., Manjit (Indian Madder).—LVII., Lichen Colouring Matters.—LVIII., Red Wood Lakes. 
—LIX., The Colouring Matters of Sandal Wood and Other Dye Woods.—LX., Blue Lakes.— 
LXI., Indigo Carmine.—LXII., The Colouring Matter of Log Wood.—LXIII., Green Lakes.— 
LXIV., Brown Organic Pigments.—LXV., Sap Colours.—LXVI., Water Colours.—LXVIL., 
Crayons.—LXVIII., Confectionery Colours.—LXIX., The Preparation of Pigments for 
Painting.—_LXX., The Examination of Pigments.—LXXI., Examination of Lakes.—LXXII., 
The Testing of Dye-Woods.—LXXIII., The Design of a Colour Works.—LXXIV.—Commercial 
Names of Pigments.—Appendix: Conversion of Metric to English Weights and Measures.— 
Centigrade and Fahrenheit Thermometer Scales.-—Index. 

BONE PRODUCTS AND MANURES: An Account of the 
most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By THOMAS LAMBERT, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp., demy 8vo. 1901. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 

Chapters I., Chemical Composition cf Bones—Arrangement of Factory—Crushing of Bones 
—Treatment with Benzene—Benzene in Crude Fat—Analyses of Clarified Fats—Mechanical 
Cleansing of Bones—Animal Charcoal—Tar and Ammoniacal Liquor, Char and Gases, from 
good quality Bones—Method of Retorting the Bones—Analyses of Chars—‘ Spent” Chars— 
Cooling of Tar and Ammoniacal Vapours—Value of Nitrogen for Cyanide of Potash—Bone 
Oil—Marrow Bones—Composition of Marrow Fat—Premier Juice—Buttons.—II., Properties 
of Glue—Glutin and Chondrin—Skin Glue—Liming of Skins—Washing—Boiling of Skins— 
Clarification of Glue Liquors—Acid Steeping of Bones—Water System of Boiling Bones— 
Steam Method of Treating Bones—Nitrogen in the Treated Bones—Glue-Boiling and Clarify- 
ing-House—Plan showing Arrangement of Clarifying Vats—Plan showing Position of Evapora- 
tors—Description of Evaporators—Sulphurous Acid Generator—Clarification of Liquors— 
Section of Drying-House—Specification of a Glue—Size—Uses and Preparation and Composi- 
tion of Size—Concentrated Size.—III., Properties of Gelatine—Preparation of Skin Gelatine 
—Washing — Bleaching—Boiling—Clarification—Evaporation—Drying—Bone Gelatine — Se- 
lecting Bones—Crushing—Dissolving—Bleaching—Boiling—Properties of Glutin and Chondrin 
—Testing of Glues and Gelatines.—IV., The Uses of Glue, Gelatine and Size in Various 
Trades—Soluble and Liquid Glues—Steam and Waterproof Glues.—V., Manures—Importation 
of Food Stuffs—Soils—Germination—Plant Life.—VI., Natural Manures—Water and Nitrogen 
in Farmyard Manure—Full Analysis of Farmyard Manure—Action on Crops—Water-Closet 
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System—Sewage Manure—Green Manures.—VII., Artificial Manures—Bones—Boiled and 
Steamed Bones—Mineral Phosphates—English Coprolites—French and Spanish Phosphorites 
—German and Belgian Phosphates—Basic Slag—Guanos Proper—Guano Phosphates.—VIIL., 
Mineral Manures—Common Salt—Potash Salts—Calcareous Manures—Prepared Nitrogenous 
Manures—Ammoniacal Compounds—Sodium Nitrate—Potassium Nitrate—Organic Nitro- 
genous Matters—Shoddy—Hoofs and Horns—Leather Waste—Dried Meat—Dried Blood— 
Superphosphates—Composition—Manufactu: e—Section of Manure-Shed—First and Ground 
Floor Plans of Manure-Shed—Quality of Acid Used—Mixings—Special Manures—Potato 
Manure—Dissolved Bones—Dissolved Bone Compound—Enriched Peruvian Guano—Special 
Manure for Garden Stuffs, etc.—Special Manure for Grass Lands—Special Tobacco Manures 
—Sugar-Cane Manure—Compounding of Manures—Valuation of Manures.—IX., Analyses of 
Raw and Finished Products—Common Raw Bones—Degreased Bones—Crude Fat—Refined 
Fat—Degelatinised Bones—Animal Charcoal—Bone Superphosphates—Guanos—Dried Animal 
Products—Potash Compounds—Sulphate of Ammonia—Extractionin Vacuo—Description of a 
Vacuum Pan—French and British Gelatines compared.—Index. 

Press Opinion. 
“We can with confidence recommend the perusal of the book to all persons interested in 

the manufacture of artificial manures, and also to the large number of farmers and others who 
are desirous of working their holdings on the most up-to-date methods, and obtaining the best 
possible results, which scientific research has placed within their reach.”— Wigan Observer. 

ANALYSIS OF RESINS AND BALSAMS. Demy 8vo. 
340 pp. 1901. Price 7s. 6d.; India and Colonies, 8s. ; Other Countries, 
8s. 6d. ; strictly net. 

Contents. 
Part I., Definition of Resins in General—Definition of Balsams, and especially the Gum 

Resins—External and Superficial Characteristics of Resinous Bodies—Distinction between 
Resinous Bodies and Fats and Oils—Origin, Occurrence and Collection of Resinous Sub- 
stances—Classification—Chemical Constituents of Resinous Substances—Resinols—Resinot 
Annols—Behaviour of Resin Constituents towards the Cholesterine Reactions—Uses and 
Identification of Resins—Melting-point—Solvents—Acid Value—Saponification Value—Resin 
Value—Ester and Ether Values— Acetyl and Corbonyl Value—Methyl Value—Resin Acid— 
Systematic Résumé of the Performance of the Acid and Saponification Value Tests. 

Part II., Balsams—Introduction—Definitions—Canada Balsam—Copaiba Balsam—Angos- 
tura Copaiba Balsam—Babia Copaiba Balsam — Carthagena Copaiba Balsam — Maracaibo 
Copaiba Balsam—Maturin Copaiba Balsam—Gurjum Copaiba Balsam—Para Copaiba Balsam 
—Surinam Copaiba Balsam—West African Copaiba Balsam—Mecca Balsam—Peruvian 
Balsam—Tolu Balsam—Acaroid Resin—Amine—Amber—African and- West Indian Kino— 
Bengal Kino—Labdanum—Mastic—Pine Resin—Sandarach—Scammonium—Shellac—Storax 
—Adulteration of Styrax Liquidus Crudus—Purified Storax—Styrax Crudus Colatus—Taca- 
mahac—Thapsia Resin —Turpentine—Chios Turpentine — Strassburg Turpentine—Turpeth 
Turpentine. Gum Resins—Ammoniacum—Bdellium—Euphorbium — Galbanum—Gamboge 
—Lactucarium—M yrrh—Opopanax—Sagapenum—Olibanum or Incense—Acaroid Resin— 
Amber—Thapsia Resin.—Index. 

MANUFACTURE OF PAINT. A Practical Handbook for 
Paint Manufacturers, Merchants and Painters. By J. CRUICKSHANK 
SmitH, B.Sc. Demy 8vo. 1901. 200 pp. 60 Illustrations and 1 Large 
Diagram. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 
8s. 6d.; strictly net. 

Contents. 

Part I., Chapters I., Preparation of Raw Material.—II., Storing of Raw Material.—IIL., 
Testing and Valuation of Raw Material—Paint Plant and Machinery. 

Part II., Chapters V., The Grinding of White Lead.—VI., Grinding of White Zinc.—VIL., 
Grinding of other White Pigments.—VIII., Grinding of Oxide Paints.—IX., Grinding of Stain- 
ing Colours.—X., Grinding of Black Paints.—XI., Grinding of Chemical Colours—Yellows.— 
XII, Grinding of Chemical Colours—Blues.—XIII., Grinding Greens.—XIV., Grinding Reds. 
—XV., Grinding Lakes.—XVI., Grinding Colours in Water.—XVII., Grinding Colours in 
Turpentine. 

Part III., Chapters XVIII., The Uses of Paint.—XIX., Testing and Matching Paints.— 
XX., Economic Considerations.—Index. 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
B.Sc., F.1.C., F.C.S.; and J. H. Coste, F:I.C.,; F.C.S. [In the press. 

Contents. 
Chapters I., Introductory—Composition of White Light—Theory of Colour, etc.—II., The 

Application of Pigments—Artistic, Decorative, Protective Methods of Applying Pigments.— 
III., White Pigments.—IV., Inorganic Coloured Pigments.—V., Organic Pigments. 
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NOTES ON LEAD ORES: Their Distribution and Properties. 
By Jas. Fairig, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d. ; 
Abroad, 3s. ; strictly net. 

Contents. 
Chapters I., Definitions—Properties—Occurrence.—II., Galena—Johnstonite—Cerussite— 

Céruse (White Lead)—Minium—Red Lead.—III., Pyromorphite—Mimetene—Hediphane— 
Crocoise—Wulfenite—Vanadinite—IV., Bleiglatte—Anglesite—Caledonite—Linarite—Lanark- 
ite—Leadhillite — Susannite— Clausthalite — Cotunnite.—V., Mendipite — Matlockite — Crom- 
fordite—Nagyagite—Altaite—Melanochroite — Vauguelinite — Scheeletine.—VI., Plattncrite— 
Tilkcrodite—Raphanosmite—Deckenite—Descloezite—Dufrenaysite — Bleinierite — Moffrasite 
—Geocronite — Kilbrechenite — Schulzite—Boulangcrite — Heteromorphite — Meneghinite— 
Jamesonite — Plagionite — Zinkenite.—VII., Kobellite — Bournonite— Selenkupferblei—Nus- 
sierite—Percylite—Wolchite—Polysphracrite—Miesite.—Index. 

THE RISKS AND DANGERS OF VARIOUS OCCUPA- 
TIONS AND THEIR PREVENTION. By Leonarp 
A. Parry, M.D., B.S. (Lond.). 196 pp.,demy 8vo. 1900. Price 7s. 6d. ; 
India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Occupations which are Accompanied by the Generation and Scattering of 

Abnormal Quantities of Dust.—II., Trades in which there is Danger of Metallic Poisoning.— 
III., Certain Chemical Trades.—IV., Some Miscellaneous Occupations.—V., Trades in which 
Various Poisonous Vapours are Inhaled.—VI., General Hygienic Considerations.—Index. 

This book contains valuable information for the following trades—Aérated Water Manu- 
facture, Alkali Manufacture, Aniline Manufacture, Barometer Making, Brass Founders, Bromine 
Manufacture, Bronze Moulders, Brush Making, Builders, Cabinet Makers, Calico Printing, 
Chloride of Lime Manufacture, Coal Miners, Cocoa-nut Fibre Making, Colour Grinders, 
Copper Miners, Cotton Goods Manufacture, Cotton Yarn Dyeing, Cutlery Trades, Dry Clean- 
ing, Electricity Generating,’ Electroplaters, Explosives Manufacture, File Making, Flint 
Milling, Floor Cloth Makers, Furriers, Fustian Clothing Making, Galvanised Iron Manufacture, 
Gassing Process, Gilders, Glass Making, Glass Paper Making, Glass Polishing and Cutting, 
Grinding Processes, Gunpowder Manufacturing, Gutta-percha Manufacture, Hat Makers, 
Hemp Manufacture, Horn Goods Making, Horse-hair Making, Hydrochloric Acid Manufacture, 
India-rubber Manufacture, Iodine Manufacture, Ivory Goods Making, Jewellers, Jute Manu- 
facture, Knife Grinders, Knife Handle Makers, Lace Makers, Lacquering, Lead Melters, Lead 
Miners, Leather Making, Linen Manufacture, Linoleum Making, Lithographic Printing and 
Bronzing, Lithographing, Masons, Match Manufacture, Melanite Making, Mirror Making, 
Needle Grinders, Needle Making, Nitro-benzole Making, Nitro-glycerine Making, Paint 
Makers, Paper Making, Philosophical Instrument Makers, Photographers, Picric Acid Making, 
Portland Cement Making, Pottery Manufacture, Printers, Quicksilver Mining, Rag Pickers, 
Razor Grinders, Red Lead Making, Rope Making, Sand Paper Making, Saw Grinders, Scissors 
Grinders, Shoddy Manufacture, Shot Making, Silk Making, Silver Mining, Skinners, Slag, Wood 
Manufacture, Steel Makers, Steel Pen Making, Stereotypers, Stone Masons, Straw Hat Makers, 
Sulphuric Acid Manufacture, Sweeps, Table-knife Grinders, Tanners, Telegraphists, Textile 
Industries, Tin Miners, Turners, Type Founders, Umbrella Makers, Wall Paper Making, 
White Lead Making, Wood Working, Woollen Manufacture, Wool Sorters, Zinc Oxide 
Manufacture, Zinc Working, etc., etc. . 

Press Opinions. 

“The language used is quite simple, and can be understood by any intelligent person en- 
gaged in the trades dealt with.”—The Clarion. 

“This is an appalling book. It shows that there is scarcely a trade or occupation that has 
not a risk or a danger attached to it.”—Local Government Journal. 

“Dr. Parry has not only pointed out the ‘risks and dangers of various occupations’; he has 
ae means for their prevention. The work is primarily a practical one.”—Colliery 

anager. 
“This is a most useful book which should be in the hands of all employers of labour, 

foremen, and intelligent workmen, and is one of great utility to sanitary inspectors, and even 
on occasion to medical men.”—Health. , 

“The -writer has succeeded in collecting a large amount of information, and though one 
could wish he had presented it in a rather more attractive style, he has certainly condensed it 
into a very small space.”—Physician and Surgeon. 

“The little book before us is one which will be found exceedingly useful to manufacturers 
and even factory inspectors. ... No attempt is made to show how diseases when originated 
are to be cured, but, acting on the sound principle that prevention is better than cure, means 
are stated how to avoid the harm.”—Bristol Mercury. 

“The author has endeavoured to treat the question in simple rather than in technical lan- 
guage, and he has lucidly catalogued the most dangerous trades and their symptoms, and in 
each case specified the best methods of dealing with them. . . . To those for whom the volume 
s specially designed, Dr. Parry’s treatise should be a useful handbook.”’—Sheffield Independent. 
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“ A very useful manual for employers of labour, foremen, intelligent workmen, and, in spite 
of the author’s modesty, for medical men. We have the peculiar risks and dangers of all the 
dangerous trades curebilly described; the mode of action of various chemicals, etc., used in 
different industries given, with full directions how to minimise unavoidable risks.”—Leeds 
Mercury. 

“Most of the trades in the country are alluded:-to, and upon those that are dangerous the 
necessary attention is bestowed, and means are recommended whereby danger may be pre- 
vented or lessened. The author has evidently studied his subject with care, and has made full 
use of the experience of others who have had a larger insight into the industries of the country.” 
—British Medical Journal, 

“The work is well written and printed, and its verbiage such as to be comprehensible to the 
workman no less than to the master. The careful and general perusal of a work of this nature 
cannot but be attended by beneficial results of a far-reaching nature, and we therefore heartily 
recommend the book to our readers. Medical Officers of Health and Sanitary Inspectors 
especially should find the work of great interest.”—Samitary Record. 

' “Tt is written in simple language, and its instructions can be easily followed. ... There 
are some employers, at any rate, who are more ignorant of, than indifferent to, the slow murder 
of their workpeople, and if the facts so succinctly set forth in this book were brought to their 
notice, and if the Trade Unions made it their business to insist on the observance of the better 
conditions Dr. Parry described, much might be done to lessen the workman’s peril.”—Weekly 
Times and Echo. 

PRACTICAL X RAY WORK. By Frank T. Appymay, 
B.Sc. (Lond.), F.1.C., Member of the Roentgen Society of London ; 
Radiographer to St. George’s Hospital; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. 12 Plates from Photographs of X Ray 
Work. 52 Illustrations. 200 pp. 1901. Price 10s. 6d.; India and 
Colonies, 1ls.; Other Countries, 12s.; strictly net. 

Contents. 

Part i., Historical—Chapters I., Introduction.—II., Work leading up to the Discovery of 
the X Rays.—III., The Discovery. 

Part Il., Apparatus and its Management—Chapters I., Electrical Terms.—II., Sources 
of Electricity.—III., Induction Coils.—IV., Electrostatic Machines.—V., Tubes.—VI., Air 
Pumps.—VII., Tube Holders and Stereoscopic Apparatus.—VIII., Fluorescent Screens. 

Part III., Practical X Ray Work—Chagpters I., Installations.—II., Radioscopy.—III., 
Radiography.—IV., X Rays in Dentistry.—V., X Rays in Chemistry.—VI., X Rays in War.— 
Index. 

List of Plates. 

Frontispiece—Congenital Dislocation of Hip-Joint.—I., Needle in Finger.—II., Needle in 
Foot.—III., Revolver Bullet in Calf and Leg.—IV., A Method of Localisation.—V., Stellate 
Fracture of Patella showing shadow of ‘“ Strapping ”.—VI., Sarcoma.—VII., Six-weeks’-old 
Injury to Elbow showing new Growth of Bone.—VIII., Old Fracture of Tibia and Fibula 
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XI., Bar- 
rell’s Method of Localisation. 

DRYING BY MEANS OF AIR AND STEAM.  Explana- 
tions, Formule, and Tables for Use in Practice. Translated from the 
German of E. HAUSBRAND, Two Diagrams and Thirteen Tables. Demy 
8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d.; Other 
Countries, 6s.; strictly net. 

Contents. 

Preface.—British and Metric Systems Compared—Centigrade and Fahr. Thermometers.— 
Chapters I., Introduction.—II., Estimation of the Maximum Weight of Saturated Aqueous 
Vapour which can be contained in 1 kilo. of Air at Different Pressure and Tempera- 
tures.—III., Calculation of the Necessary Weight and Volume of Air, and of the Least 
Expenditure of Heat, per Drying Apparatus with Heated Air, at the Atmospheric Pressure: 
A, With the Assumption that the Air is Completely Saturated with Vapour both before Entry 
and after Exit from the Apparatus.—B, When the Atmospheric Air is Completely Saturated 
before entry, but at its exit is only 3,4 or + Saturated.—C, When the Atmospheric Air is not 
Saturated with Moisture before Entering the Drying Apparatus.—IV., Drying Apparatus, in 
which, in the Drying Chamber, a Pressure is Artificially Created, Higher or Lower than that 
of the Atmosphere.—V., Drying by Means of Superheated Steam, without Air.—VI., Heating 
Surface, Velocity of the Air Current, Dimensions of the Drying Room, Surface of the Drying 
Material, Losses of Heat.—Index. 
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Leather Trades. 
THE LEATHER WORKER’S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formule for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers, and all Persons engaged in the Manipulation 
of Leather. By H. C. STANDAGE. 165 pp. 1900. Price 7s. 6d.; 
India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe 

Leather.—II., Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top 
Powders and Liquids, etc., etc.—III., Leather Grinders’ Sundries.—IV., Currier’s Seasonings, 
Blacking Compounds, Dressings, Finishes, Glosses, etc.—V., Dyes and Stains for Leather.— 
VI., Miscellaneous Information.—VII., Chrome Tannage.—Index. 

Press Opinions. 
“The book being absolutely unique, is likely to be of exceptional value to all whom it con- 

cerns, as it meets a long-felt want.” —Birmingham Gazette. 
“This is a valuable collection of practical receipts and working formulz for the use of those 

engaged in the manipulation of leather. We have no hesitation in recommending it as one of 
the best books of its kind, an opinion which will be endorsed by those to whom it appeals.”— 
Liverpool Mercury. 

“We think we may venture to state, so far as the opinion of the leather trade under the 
Southern Cross is concerned, that it will be one of approval. As practical men, having a long 
and wide experience of the leather trade in Australia, we are certain that there are many 
tanners and curriers carrying on business in remote townships of the colonies to whom such a 
manual of practical recipes will be invaluable. . . . This manual is not a mere collection of re- 
cipes for the various purposes to which they may be applied, but it is also replete with instruc- 
tions concerning the nature of the materials recommended to be used in making up the recipes. 

. . We think every intelligent leather man should avail himself of the manual. It is un- 
doubtedly a valuable contribution to the technology of the leather trade.”—A ustralian Leather 
Journal and Boot and Shoe Recorder. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Vitton. A Translation of Villon’s 
“Traite Pratique de la Fabrication des cuirs et du Travail des Peaux”. 
By FRANK T. ADpyMAN, B.Sc. (Lond.), F.I.C., F.C.S.; and Corrected 
by an Eminent Member of the Trade. 500 pp., royal 8vo. 1901. 123 
Illustrations. Price 2ls.; India and Colonies, 22s.; Other Countries, 
23s. 6d.; strictly net. 

Contents. 
Preface—Translator’s Preface—List of Illustrations. 
Part I., Materials used in Tanning—Chapter I., Skins: I., Skin and its Structure; II., 

Skins used in Tanning; III., Various Skins and their Uses—Chapter II., Tannin and Tanning 
Substances: I., Tannin; II., Barks (Oak); III., Barks other than Oak; IV., Tanning 
Woods; V., Tannin-bearing Leaves; VI., Excrescences; VII., Tan-bearing Fruits; VIII., 
Tan-bearing Roots and Bulbs; IX., Tanning Juices; X., Tanning Substances used in Various 
Countries; XI., Tannin Extracts; XII., Estimation of Tannin and Tannin Principles. 

Part Il., Tanning—Chapter I., The Installation of a Tannary: I., Tan Furnaces; IL., 
Chimneys, Boilers, etc.; III., Steam Engines—Chapter II., Grinding and Trituration of 
Tanning Substances: I., Cutting up Bark; II., Grinding Bark; Iil., The Grinding of Tan 
Woods; IV., Powdering Fruit, Galls and Grains; V., Notes on the Grinding of Bark—Chap- 
ter III., Manufacture of Sole Leather: I., Soaking; II., Sweating and Unhairing; IIIL., 
Plumping and Colouring; IV., Handling; V., Tanning; VI., Tanning Elephants’ Hides; 
VII., Drying; VIII., Striking or Pinning—Chapter IV., Manufacture of Dressing Leather: 
I., Soaking; II., Depilation; III., New Processes for the Depilation of Skins; IV., Tanning; 
V., Cow Hides; VI., Horse Hides; VII., Goat Skins; Manufacture of Split Hides—Chap 
ter V., On Various Methods of Tanning: I., Mechanical Methods; II., Physical Methods; 
III., Chemical Methods; IV., Tanning with Extracts—Chapter VI., Quantity and Quality: 
I., Quantity; II., Net Cost; III., Quality of Leather—Chapter VII., Various Manipulations 
of Tanned Leather: I., Second Tanning; II., Grease Stains; III., Bleaching Leather; IV., 
Waterproofing Leather; V., Weighting Tanned Leather; VI., Preservation of Leather— 
Chapter VIII., Tanning Various Skins. 

Part III., Currying—Chapter I., Waxed Calf: I., Preparation; II., Shaving; III., 
Stretching or Slicking; IV., Oiling the Grain; V., Oiling the Flesh Side; VI., Whitening and 
Graining; VII., Waxing; VIII., Finishing; IX., Dry Finishing; X., Finishing in Colour; 
XI., Cost—Chapter II., White Calf: I., Finishing in White—Chapter III., Cow Hide for 
Upper Leathers: I., Black Cow Hide; II., WHite Cow Hide; III., Coloured Cow Hide.— 
Chapter IV., Smooth Cow Hide—Chapter V., Black Leather—Chapter VI., Miscellaneous 
Hides: I., Horse; II., Goat; III., Waxed Goat Skin; IV., Matt Goat Skin—Chapter VII., 
Russia Leather: I., Russia Leather; II.. Artificial Russia Leather. 
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Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather—Chapter I., Enamelled Leather: I., Varnish Manufacture; IL, 
Application of the Enamel; III., Enamelling in Colour—Chapter II., Hungary Leather: I., 
Preliminary; II., Wet Work or Preparation; III., Aluming; IV., Dressing or Loft Work; 
V., Tallowing; VI., Hungary Leather from Various Hides—Chapter III., Tawing: I., Pre- 
paratory Operations; II., Dressing; III., Dyeing Tawed Skins; IV., Rugs—Chapter IV., 
Chamoy Leather—Chapter V., Morocco: I., Preliminary Operations; II., Morocco Tanning; 
III., Mordants used in Morocco Manufacture; IV., Natural Colours used in Morocco 
Dyeing; V., Artificial Colours; VI., Different Methods of Dyeing; VII., Dyeing with Natural 
Colours; VIII., Dyeing with Aniline Colours; IX., Dyeing with Metallic Salts; X., Leather 
Printing; XIJ., Finishing Morocco; XII., Shagreen; XIII.; Bronzed Leather—Chapter VI., 
Gilding and Silvering: I., Gilding; II., Silvering; III., Nickel and Cobalt—Chapter VII., 
Parchment—Chapter VIII., Furs and Furriery: I., Preliminary Remarks; II., Indigenous 
Furs; III., Foreign Furs from Hot Countries; IV.. Foreign Furs from Cold Countries; V., 
Furs from Birds’ Skins; VI., Preparation of Furs; VII., Dressing; VIII., Colouring; IX., 
Preparation of Birds’ Skins; X., Preservation of Furs—Chapter IX., Artificial Leather: L., 
Leather made from Scraps; II., Compressed Leather; III., American Cloth; IV., Papier 
Maché; V., Linoleum; VI., Artificial Leather. 

Part V., Leather Testing and the Theory of Tanning—Chapter I., Testing and Analysis 
of Leather: I., Physical Testing of Tanned Leather; II., Chemical Analysis—Chapter ILI., 
The Theory of Tanning and the other Operations of the Leather and Skin Industry: L., 
Theory of Soaking; Il., Theory of Unhairing; III., Theory of Swelling; IV., Theory of 
Handling; V. Theory of Tanning; VI., Theory of the Action of Tannin on the Skin; VII., 
Theory of Hungary Leather Making; VIII., Theory of Tawing; IX., Theory of Chamoy 
Leather Making; X., Theory of Mineral Tanning. 

Part VI., Uses of Leather—Chapter I., Machine Belts: I., Manufacture of Belting; IL, 
Leather Chain Belts; III., Various Belts, IV., Use of Belts—Chapter IJ., Boot and Shoe- 
making: I., Boots and Shoes; II., Laces—Chapter III., Saddlery: I., Composition of a 
Saddle; IJ., Construction of a Saddle—Chapter IV., Harness: I., The Pack Saddle; II., 
Harness—Chapter V., Military Equipment—Chapter VI., Glove Making—Chapter VII., 
Carriage Building—Chapter VIII., Mechanical Uses. 

Appendix, The World’s Commerce in Leather—I., Europe; II., America; III., Asia; 
IV., Africa; Australasia—Index. 

Press Opinions. 

“The book is well and lucidly written. The writer is evidently a practical man, who also 
has taken the trouble to make himself acquainted with the scientific and technical side of his 
trade... . French methods differ largely from our own; sometimes we think our ways the 
best, but not always. The practical man may pick up many useful hints which may help him 
to improve his methods.”—Shoe Manufacturers’ Monthly Journal. 

“This book cannot fail to be of great value to all engaged in the leather trades. ... The 
British may believe that the French can teach them nothing in the work of leather tanning 
generally, but a comparison of the methods of the two countries will certainly yield a few 
wrinkles which may lead to advantageous results. Only a man understanding the science and 
technique of the trade could have written the book, and it is well done.’—Midland Free Press. 

“Gives much useful and interesting information concerning the various processes by which 
the skins of animals are converted into leather. Written by a French Chemist after five 
years of constant study and application; it shows all that detail of analysis which we are 
accustomed to find in scientists, and which the practical tanner is too much in the habit of 
ignoring, sometimes to his own loss.’—Leeds Mercury. 

‘““Nor can there be much doubt that this expectation will be fully justified by the result. 
Thanks to the conspicuous painstaking with which Mr. Addyman has discharged his duty, and 
the 123 illustrations by which the text is elucidated, the volume can hardly fail to prove a very 
valuable standard work of its class. It can thus be confidently recommended to all who are 
more or less practically interested in the technology of a very important subject.”—L eicester 
Post. 

‘““This is, in every respect, an altogether admirable, practical, clear and lucid treatise on 
the various and numerous branches of the great leather industry, of which it deals in an ex- 
haustive, highly intelligent, workmanlike and scientific manner. . . . It isa handsome addition 
to every man’s knowledge of his trade, whether he be a leading director of a large public com- 
pany, or an industrious employee in the works, wishing to improve his services by the addition 
of his brains to his work.’—Shoe and Leather Trader. 

““M. Villon writes as one having a very full knowledge of all branches of the subject, and in 
days when foreign competition has enforced on English manufacturers the importance of no 
longer being content with rule-of-thumb methods which have come down to them from their 
forefathers it certainly should be worth the while of English tanners to see what lessons.they 
can learn from French practice, and French practice, we should imagine, could hardly have a 
better exponent than the author of this large volume.”— Western Daily Press and Bristol Times. 

“At a time when all or nearly all our British industries are to a greater or less extent 
hampered by the pressure of continental and American competition, any hints that can be 
obtained as to the methods pursued by competitors must necessarily be of value... . That it 
will be of interest and value, not merely to English tanners, but to those associated with many 
kindred industrial branches, goes without saying. ... As a work of reference the volume will 
be extremely useful in the trade, and wherg leisure affords sufficient opportunity a careful 
perusal and study of it would afford ample reward.”—Kettering Guardian. 

“This is a very handsomely got up and elaborate work just issued by this well-known 
technical book-publishing firm. ... When we say that the work consists of over 500 large 
pages with about 120 illustrations, and almost innumerable tables, it will be seen at once that 

. 
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we cannot attempt anything like an exhaustive résumé of its contents, and even if we did the 
details would be of little interest to our general readers, while those who are engaged in the 
leather industry will probably obtain the book for themselves—at least they would do well to 
do so. . . . Altogether the ‘ Treatise’ has evidently been very carefully prepared, and by a man 
who thoroughly knows the subject, and hence it will be a very valuable technical book for 
English firms and workers.”— Walsall Observer. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Revised 
and Enlarged. Third Edition. 200 pp. 1901. Price 17s. 6d.; India 
and Colonies, 18s. 6d.; Other Countries, 20s. ; strictly net. 

Contents. 
Introduction. The Rise and Progress of the Potter’s Art.—Chapters I., Bodies. China 

and Porcelain Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, 
Earthenwares Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, 
Coloured Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, 
Body Stains, Coloured Dips.—II., Glazes. China Glazes, Ironstone Glazes, Earthenware - 
Glazes, Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours.—III., 
Gold and Cold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured 
Bases, Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Undergiaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes.—IV., Means and Methods. Reclamation of Waste 
Gold, The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold.—V., Classification 
and Analysis. Classification of Clay Ware, Lord Playfair’s Analysis of Clays, The Markets 
of the World, Time and Scale of Firing, Weights of Potter’s Material, Decorated Goods. 
Count.—VI., Comparative Loss of Weight of Clays.——VII., Ground Felspar Calculations.— 
VIII., The Conversion of Slop Body Recipes into Dry Weight.—IX., The Cost of Prepared 
Earthenware Clay.—X., Forms and Tables. Articles of Apprenticeship, Manufacturer’s. 
Guide to Stocktaking, Table of Relative Values of Potter’s Materials, Hourly Wages Table, 
Workman’s Settling Table, Comparative Guide for Earthenware and China Manufacturers in 
the use of Slop Flint and Slop Stone, Foreign Terms applied to Earthenware and China 
Goods, Table for the Conversion of Metrical Weights and Measures on the Continent of South 
America. Index. 

CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by CHARLES 
F. Binns. 100 pp. 1897. Price 12s. 6d.; India and Colonies, 13s. 6d. ; 
Other Countries, 15s. ; strictly net. 

Contents. 

Preface.—Introduction.—Chapters I., The Chemistry of Pottery.—II., Analysis and Syn- 
thesis.—III., Clays and their Components.—IV., The Biscuit Oven.—V., Pyrometry.—VI., 
Glazes and their Composition.—VII., Colours and Colour-making.—Index. 

RECIPES FOR FLINT GLASS MAKING. By a British 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystat 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. British manufacturers have kept up the quality of 
this glass from the arrivals of the Venetians to Hungry Hill, Stour- 
bridge, up to the present time. The book also contains remarks as 
to the result of the metal as it left the pots by the respective metal 
mixers, taken from their own memoranda upon the originals. 1900. 
Price for United Kingdom, 10s. 6d. ;-Abroad. 15s.; United States, $4 ; 
strictly net. 3 ’ 

Contents. 
Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal— 

Cornelian, or Alabaster—Sapphire Blue—Crysophis—Opal—Turquoise Blue—Gold Colour— 
Dark Green—Green (common)—-Green for Malachite—Blue for Malachite—Black for Mela- 
chite—Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red— 
Flint—Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White Enamel— 
Firestone—Dead White (for moons)—White Agate—Canary—Canary Enamel—Index. 
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COLOURING AND. DECORATION OF CERAMIC 
WARE. By Atex. BroneniArt. With Notes and Additions 
by ALPHONSE SALVETAT. Translated from the French. 200 pp. 1898. 
Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ; 
strictly net. z . 

Contents. 
The Pastes, Bodies or Ceramic Articles Capable of being Decorated by Vitrifiable Colours 

—The Chemical Preparation of Vitrifiable Colours—Composition and Preparation of Vitrifiable 
Colours—The Oxides—Preparation of Oxides—Preparation of Chromates—Preparation of 
other Colours—Composition and Preparation of Fluxes—Muffle Colours—Recipes for Colours 
—Use of Metals—Lustres—Preparation and Application of Colours—Composition of Coloured 
Pastes—Underglaze Colours—Colours in the Glaze—Overglaze Colours—Painting in Vitri- 
fiable Colours—Gilding—Burnishing—Printing—Enlarging and Reducing Gelatine Prints— 
Muffle Kilns for Vitrifiable Colours—Influence of the Material on the Colour—Changes Re- 
sulting from the Actions of the Fire—Alterations Resulting from the Colours—Alterations in 
Firing. : 

HOW TO ANALYSE CLAY. Practical Methods for Prac- 
tical Men. By HoLpEN M. Asusy, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d.; Abroad, 3s.; strictly net. 

; Contents: 
List of Apparatus—List of Atomic Weights—Use of Balance, and Burette, Sand Bath, and 

Water Bath—Dessicator—Drying Oven—Filtering—Fusion—Determination of Water, Organic 
Matter, Iron, Calcium, Alkalies, Limestone, Silica, Alumina, Magnesium, etc.—Mechanical 
Analysis—Rational Analysis—Standard Solutions—Volumetric Analysis—Standards for Clay 
Analysis—Sampling. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Birp, 
M.A., and W. Moore Binns. Price 15s.; India and Colonies, 16s. ; 
Other Countries, 17s. 6d.; strictly net. 

Contents. 
Part I. Plain Undecorated Pottery.—Chapter I., Clays: § 1, Classification, General Geo- 

logical Remarks.—Classification, Origin, Locality; § 2, General Properties and Composition: 
Physical Properties, Contraction, Analysis, Influence of Varfous Substances on the Properties 
of Clays; § 3, Working of Clay-Pits—I. Open Pits: Extraction, Transport, Cost—II. Under- 
ground Pits—Mining Laws. Chapter II., Preparation of the Clay: Weathering, Mixing, 
Cleaning, Crushing and Pulverising—Crushing Cylinders and Mills, Pounding Machines— 
Damping: Damping Machines—Soaking, Shortening, Pugging: Horse and Steam Pug-Mills, 
Rolling Cylinders—Particulars of the Above Machines. Chapter III., Bricks: § 1, Manufacture 
—(1) Hand and Machine Moulding.—I. Machines Working by Compression : on Soft Clay, on 
Semi-Firm Clay, on Firm Clay, on Dry Clay.—II. Expression Machines: with Cylindrical Pro- 
pellers, with Screw Propellers—Dies—Cutting-tables—Particulars of the Above Machines— 
General Remarks on the Choice of Machines—Types of Installations—Estimates—Plenishing, 
Hand and Steam Presses, Particulars—(2) Drying, by Exposure to Air, Without Shelter, and 
Under Sheds—Drying-rooms in Tiers, Closed Drying-rooms, in -Tunnels, in Galleries—De- 
tailed Estimates of the Various Drying-rooms, Comparison of Prices—Transport from 
the Machines to the Drying-rooms, Barrows, Trucks, Plain or with Shelves, Lifts—(3) Firing 
—I. In Clamps—II. In Intermittent Kilns. A, Open: a, using Wood; 6 Coal; 6’, in Clamps ; 
b/', Flame—B, Closed: c, Direct Flame; c’, Rectangular; c’’, Round; d, Reverberatory—III. 
Continuous Kilns: C, with Solid Fuel: Round Kiln, Rectangular Kiln, Chimneys (Plans and 
Estimates)—D, With Gas Fuel, Fillard Kiln (Plans and Estimates), Schneider Kiln (Plans and 
Estimates), Water-gas Kiln—Heat Production of the Kilns; § 2, Dimensions, Shapes, Colours, 
Decoration, and Quality of Bricks—Hollow Bricks, Dimensions and Prices of Bricks, Various . 
Shapes, Qualities—Various Hollow Bricks, Dimensions, Resistance, Qualities; § 3, Applications 

, —History—Asia, Africa, America, Europe: Greek, Roman, Byzantine, Turkish, Romanesque, 
Gothic, Renaissance, Architecture—Architecture of the Nineteenth Century: in Germany, 
England, Belgium, Spain, Holland, France, America—Use of Bricks—Walls, Arches, Pavements, 
Flues, Cornices—Facing with Coloured Bricks—Balustrades. Chapter IV., Tiles: § 1, His- 
tory; § 2, Manufacture—(1) Moulding, by Hand, by Machinery: Preparation of the Clay, Soft 
Paste, Firm Paste, Hard Paste—Preparation of the Slabs, Transformation into Flat Tiles, into 
Jointed Tiles—Screw, Cam and Revolver Presses—Particulars of Tile-presses—(2) Drying— 
Planchettes, Shelves, Drying-barrows and Trucks—(3) Firing—Divided Kilns—Installation of 
Mechanical Tileworks—Estimates; § 3, Shapes, Dimensions and Uses of the Principal Types 
of Tile—Ancient Tiles: Flat, Round, Roman, Flemish—Modern Tiles—With Vertical Inter- 
rupted Join: Gilardoni’s, Martin’s; Hooked, Boulet’s Villa; with Vertical Continuous Join: 
Muller’s, Alsace, Pantile—Foreign Tiles—Special Tiles—Ridge Tiles, Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular—Roofing Accessories: Chimney-pots, 
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Mitrons, Lanterns, Chimneys—Qualities of ‘Tiles—Black Tiles—Stoneware Tiles—Particulars 
of Tiles. Chapter V., Pipes: I. Conduit Pipes— Manufacture— Moulding : Horizontal. 
Machines, Vertical Machines, Worked by Hand and Steam—Particulars of these Machines 
—Drying—Firing—II. Chimney Flues—Ventiducts and “ Boisseaux,” “ Waggons "—Particulars 
of these Products. Chapter VI., Quarries: 1, Plain Quarries of Ordinary Clay; 2, of Cleaned 
Clay—Machines, Cutting, Mixing, Polishing—Drying and Firing—Applications—Particulars of 
Quarries. Chapter VII., Terra-cotta: History—Manufacture—Application : Balustrades, 
Columns, Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings 
—Appendix: Official Methods of Testing Terra-cottas. 

Part Il. Made-up or Decorated Pottery.—Chapter I., General Remarks on the Deco- 
ration of Pottery: Dips—Glazes: Composition, Colouring, Preparation, Harmony with 
Pastes—Special Processes of Decoration—Enamels, Opaque, Transparent, Colours, Under- 
glaze, Over-glaze—Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence, 

ustres. Chapter II., Glazed and Enamelled Bricks—History: Glazing—Enamelling—Appli- 
cations: Ordinary Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware—Enamelled 
Tiles. Chapter III., Decorated Quarries: I. Paving Quarries—1, Decorated. with Dips—2, 
Stoneware: A, Fired to Stoneware; a; of Slag Base—Applications; 0, of Melting Clay— 
Applications—B, Plain or Incrusted Stoneware; a, of Special Clay (Stoke-on-Trént)—Manu- 
facture—Application—b, of Felspar Base—Colouring, Manufacture, Moulding, Drying, Firing 
—Applications.—II. Facing Quarries—1, in Faience—A, of Limestone Paste—B, of Silicious 
Paste—C, of Feispar Paste—Manufacture, Firing—2, of Glazed Stoneware—3, of Porcelain— 
Applications of Facing Quarries.—II1. Stove Quarries—Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration—Applications—Faiences for Fireplaces. Chapter IV., Archi- 
tectural Decorated Pottery: § 1, Faiences; § 2, Stoneware; § 3, Porcelain. Chapter.V., 
Sanitary Pottery: Stoneware Pipes: Manufacture, Firiig—Applications—Sinks—Applications 
—Urinals, Seats and Pans—Applications—Drinking-fountains, Washstands, Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 
Complete Manual for Pottery, Tile and Brick Works. By EMILE 
Bourry, Ingénieur des Arts et Manufactures. Translated from the 
French by WILTon P. Rix, Examiner in Pottery and Porcelain to the 
City and Guilds of London Technical Institute, Pottery Instructor to 

the Hanley School Board. Royal 8vo. 1901. Over 700 pp. Price 
21s.; India and Colonies, 22s,; Other Countries, 23s. 6d. ; strictly net. 

. Contents. 
Part I., General Pottery Methods. Chapters I., Definition and History. Definitions 

and Classification of Ceramic Products—Historic: Summary of the Ceramic Art.—II., Raw 
Materials of Bodies. Clays: Pure Clay and Natural Clays—Various Raw Materials : Analogous 
to ‘Clay—Aggiomerative and Agglutinative—Opening—Fusible—Refractory—Trials of Raw 
Materials.—II1., Piastic Bodies. Properties and Composition—Preparation of Raw Materials: 
Disaggregation—Purification—Preparation of Bodies: By Plastic Method—By Dry Method— 
By Liquid. Method.—lV., Formation. Processes of Formation: Throwing—Expression— 
Moulding by Hand, on the Jolley, by Compression, by Slip Casting—Slapping—Slipping.—V., 
Drying. Drying of BodiesProcesses of Drying: By Evaporation—By Aeration—By 
Heating—By Ventilation—By Absorption.—VI.,.Glazes. Composition and Properties—Raw 
Materials—Manufacture and Application.—VIL., Firing. Properties of the Bodies and Glazes 
during Firing—Description.of the Kilns—Working of the Kilns —VIII., Decoration. Colouring 
Materials—Processes of Decoration. : 

Part Il., Special Pottery Methods. Chapters IX., Terra Cottas. Classification: 
Plain Ordinary, Hollow, Ornamental, Vitrified, and Light Bricks—Ordinary and Black Tiles— 
Paving Tiles—Pipes—Architectural Terra Cottas—Vases, Statues and Decorative Objects— 
Common Pottery—Pottery for Water and Filters—Tobacco Pipes—Lustre Ware—Properties 
and Tests for Terra Cottas.—X., Fireclay Gdods, Classification: Argillaceous, Aluminous, 
Carboniferous, Silicious and Basic Fireclay Goods—Fireclay Mortar (Pug)—Tests for Fireclay 
Goods.—XI., Faiences, Varnished Faiences—Enamelled Faiences—Silicious Faiences—Pipe- 
clay Faiences—Pebble Work—Feldspathic Faiences—Composition, Processes of Manufacture 
and General Arrangements of Faience Potteries—XII., Stoneware. Stoneware Properly So- 
called: Paving Tiles—Pipes—Sanitary Ware-—-Stoneware for Food Purposes and Chemical 
Productions—Architectural Stoneware—Vases, Statues and other Decorative Objects—Fine 
Stoneware.—XIII., Percelain. Hard Porcelain for Table Ware and Decoration, for the’ Fire, 
for Electrical Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit 
Porcelain—Soft Phosphated or English Porcelain—Soft Vitreous Porcelain, French and New 
Sévres—Argillaceous Soft or Seger’s Porcelain—Dull Soft or Parian Porcelain—Dull Felds- 
pathic Soft Porcelain Index. 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarru. Second Edition. 
1900. Price 1s. net; by post, home or abroad, 1s. 1d. 

é q Contents. ; 
Tools and Materials Required—Wire Used for Rivets—Soldering Solution—Preparation 

for Drilling—Commencement of Drilling—Cementing—Preliminaries to Riveting—Rivets to 
To Fix the Rivets—Through-and-through Rivets—Soldering—Tinning a Soldering-Iron 

—Perforated Plates, Handles, etc.—Handles of Ewers, etc.—Vases and Comports—Marble 
and Alabaster Ware—Decorating—How to Loosen Fast Decanter Stoppers—China Cements. 
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NOTES OF POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Farrig, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d. ; India and Colonies, 4s. ; Other Countries, 4s. 6d. ; strictly net. 

Contents. 
Definitions—Occurrence—Brick Clays—Fire Clays—Analyses of Fire Clays.—Ball Clays— 

Properties—Analyses—Occurrence—Pipe Clay—Black Clay—Brown Clay—Blue Clay—Dor- 
setshire and Devonshire Clays.—China Clay or Kaolin—Occurrence—Chinese Kaolin—Cornish 
Clays—Hensbarrow Granite—Properties, Analyses and Composition of China Clays— 
Method of Obtaining China Clay—Experiments with Chinese Kaolin—Analyses of Chinese 
and Japanese Clays and Bodies—Irish Clays.—Chinese Stone—Composition—Occurrence— 
Analyses.—Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. On the Basis of Personal Practical Experience 
of the Condition of the Art up to Date. By FELIx HERMANN, Technical 
Chemist. With Eighteen Illustrations. 300 pp. Translated from the 
German second and enlarged Edition. 1897. Price 10s. 6d.; India 
and Colonies, 1ls.; Other Countries, 12s.; strictly net. 

Contents. 
History of Glass Painting.—Chapters I., The Articles to be Painted: Glass, Porcelain, 

Enamel, Stoneware, Faience.—II., Pigments: 1, Metallic Pigments: Antimony Oxide, Naples 
Yellow, Barium Chromate, Lead Chromate, Silver Chloride, Chromic Oxide.—III., Fluxes: 
Fluxes, Felspar, Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracie Acid, 
Potassium and Sodium Carbonates, Rocaille Flux.—IV., Preparation of the Colours for Glass 
Painting.—V., The Colour Pastes.—VI., The Coloured Glasses.—VII., Composition of the 
Porcelain Colours.—VIII., The Enamel Colours: Enamels for Artistic Work.—IX., Metallic 
Ornamentation : Porcelain Gilding, Glass Gilding.—X., Firing the Colours: 1, Remarks on 
Firing : srg Colours on Glass, Firing Colours on Porcelain; 2, The Muffie-—XI., Accidents 
occasionally Supervening during the Process of Firing.—XII., Remarks on the Different 
Methods of Painting on Glass, Porcelain, etc.—Appendix: Cleaning Old Glass Paintings. 

Press Opinions. 
“Mr. Hermann, by a careful division of his subject, avoids much repetition, yet makes 

sufficiently clear what is necessary to be known in each art. He gives very many formule; 
and his hints on the various applications of metals and metallic lustres to glass and porcelains 
will be found of much interest to the amateur.”—Avrt Amateur, New York. 

‘For the unskilled and amateurs the name.of the publishers will be sufficient guarantee tor 
the utility and excellence of Mr. Hermann’s work, even if they are already unacquainted with 
the author. . . . The whole cannot fail to be both of service and interest to glass workers and 
to potters generally, especially those employed upon high-class work.’’—Stajffordshire Sentinel. 

“In Painting on Glass and Porcelain the author has dealt very exhaustively with the 
technical as distinguished from the artistic side of his subject, the work being entirely devoted 
to the preparation of the colours, their application and firing. For manufacturers and’students 
it will be a valuable work, and the recipes which appear on almost every page form a very 
valuable feature. The author has gained much of his experience in the celebrated Sevres 
manufactory, a fact which adds a good deal of authority to the work.”—Builders Journal. 

“The compiler displays that painstaking research characteristic of his nation, and goes at 
length into the question of the chemical constitution of the pigments and fluxes to be used in 
glass-painting, proceeding afterwards to a description of the methods of producing coloured 
glass of all tints and shades. ... Very careful instructions are given for the chemical and 
mechanical preparation of the colours used in. glass-staining and porcelain-painting; indeed, 
to the china painter such a book as this should be of permanent value, as the author claims to 
have tested and verified every recipe he includes, and the volume also comprises a section de- 
voted to enamels both opaque and translucent, and another treating of the firing of porcelain, 
and the accidents that occasionally supervene in the furnace.”—Dazly Chronicle. 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 
With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon SHaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 
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Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 

1899).—Chapters I., Preliminary Remarks.—II., The Potteries, comprising Tunstall, 
Brownhills, Greenfield and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Long- 
port and Dale Hall, Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, 
Fenton, Lane Delph, Foley, Lane End.—III., On the Origin of the Art, and its Practice 
among the early Nations.—lV., Manufacture of Pottery, prior to 1700.—V., The Introduc- 
tion of Red Porcelain by Messrs. Elers, of Bradwell, 1690.—VI., Progress of the Manu- 
acture from 1700 to Mr. Wedgwood’s commencement in 1760.—VII.. Introduction of Fluid 
Glaze.—Extension of the Manufacture of Cream Colour.—Mr. Wedgwood’s Queen’s Ware.— 
Jasper, and Appointment of Potter to Her Majesty.—Black Printing.—VIII., Introduction 
of Porcelain. Mr. W. Littler’s Porcelain—Mr. Cookworthy’s Discovery of Kaolin and 
Petuntse, and Patent.—Sold to Mr. Champion—resold to the New Hall Com.—Extension of 
Term.—IX., Blue Printed Pottery. Mr. Turner, Mr. Spode (1), Mr. Baddeley, Mr. Spode 
(2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton.—Great Change in Patterns of Blue 
Printed.—X., Introduction of Lustre Pottery. Improvements in Pottery and Porcelain 
subsequent to 1800. 

Press Opinions. 
“There is much curious and useful information in the work, and the publishers have rendered 

the public a service in reissuing it.’—Burton Mail. 
“Copies of the original work are now of considerable value, and the facsimile reprint now 

ran cannot but prove of considerable interest to all interested in the great industry.”—Derby 
ercury. 
“ The book will be especially welcomed at a time when interest in the art of pottery manu- 

facture commands a more widespread and general interest than at any previous time.”— 
Wolverhampton Chronicle. 

“This work is all the more valuable because it gives one an idea of the condition of affairs 
existing in the north of Staffordshire before the great increase in work and population due to 
modern developments.”—Western Morning News. 

. ..The History gives a graphic picture of North Staffordshire at the end of the last and 
the beginning of the present century, and states that in 1829 there was “a busy and enterprising 
community ’ in the Potteries of fifty thousand persons. ... We commend it to our readers as 
a most entertaining and instructive publication.”—Staffordshire Sentinel. 

A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon SuHaw. 
(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d.; strictly net. 

Contents. 
PART I., ANALYSIS AND MATERIALS.—Chapters I., Introduction: Laboratory and 

Apparatus; Elements: Combinative Potencies, Manipulative Processes for Analysis and 
Reagents, Pulverisation, Blow-pipe Analysis, Humid Analysis, Preparatory Manipulations, 
General Analytic Processes, Compounds Soluble in Water, Compounds Soluble only in Acids, 
Compounds (Mixed) Soluble in Water, Compounds (Mixed) Soluble in Acids, Compounds 
Mixed) Insoluble, Particular Analytic Processes.—II., Temperature: Coal, Steam Heat for 
Printers’ Stoves.—III., Acids and Alkalies: Boracic Acid, Muriatic Acid, Nitric Acid, Sul- 
phuric Acid, Potash, Soda, Lithia, Calculation of Chemical Separations.—IV., The Earths: 
Alumine, Clays, Silica, Flint, Lime, Plaster of Paris, Magnesia, Barytes, Felspar, Grauen (or 
China Stone), China Clay, Chert.—V., Metals : Reciprocal Combinative Potencies of the Metals, 
Antimony, Arsenic, Chromium, Green Oxide, Cobalt, Chromic Acid, Humid Separation of 
soi Peg Cobalt, Arsenite of Cobalt, Copper, Gold, Iron, Lead, Manganese, Platinum, Silver, 

in, Zinc, 
PART IL, SYNTHESIS AND COMPOUNDS.—Chapters I., Sketch of the Origin and 

Progress of the Art.—II., Science of Mixing: Scientific Principles of the Manufacture, Com- 
binative Potencies of the Earths.—III., Bodies : Porcelain—Hard, Porcelain—Fritted Bodies, 
Porcelain—Raw Bodies, Porcelain—Soft, Fritted Bodies, Raw Bodies, Stone Bodies, Ironstone, 
Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted Pearl, Fritted Drab, Raw Chemical 
Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, Raw Drab, Raw Brown, Raw Fawn, 
Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, Queen’s Ware, Cream Colour, Blue 
and Fancy Printed, Dipped and Mocha, Chalky, Rings, Stilts, etc.—IV., Glazes: Porcelain— 
Hard Fritted, Porcelain—Soft Fritted, Porcelain—Soft Raw, Cream Colour Porcelain, Blue 
Printed Porcelain, Fritted Glazes, Analysis of Fritt, Analysis of Glaze, Coloured Glazes, Dips, 
Smears and Washes; Glasses: Flint Glass, Coloured Glasses, Artificial Garnet, Artificial 
Emerald, Artificial Amethyst, Artificial Sapphire, Artificial Opal, Plate Glass, Crown Glass, 
Broad Glass, Bottle Glass, Phosphoric Glass, British Steel Glass, Glass-Staining and Painting, 
Se about on Glass, Dr. Faraday’s Experiments.—V., Colours: Colour Making, Fluxes or 
Solvents, Components of the Colours; Reds, etc., from Gold, Carmine or Rose Colour, 
Purple, Reds, etc., from Iron, Blues, Yellows, Greens, Blacks, White, Silver for Burnishing, 
Gold for Burnishing, Printer’s Oil, Lustres. 
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PART III, TABLES OF THE CHARACTERISTICS OF CHEMICAL SUB- 
STANCES —Preliminary Remarks, Oxygen (Tables), Sulphur and its Compounds, Nitrogen 
ditto, Chlorine(ditto, Bromine ditto, lodine ditto, Fluorine ditto, Phosphorous ditto, Boron ditto, 
Carbon ditto, Hydrogen ditto, Observations, Ammonium and its Compounds (Tables), Thorium 
ditto, Zirconium ditto, Aluminium ditto, Yttrium ditto, Glucinum ditto, Magnesium ditto, 
Calcium ditto, Strontium ditto, Barium ditto, Lithium ditto, Sodium and its Compounds 
Potassium ditto, Observations, Selenium and its Compounds (Tables), Arsenic ditto, Chromium 
ditto, Vanadium ditto, Molybdenum ditto, Tungsten ditto, Antimony ditto, Tellurium ditto, 
Tantalum ditto, Titanium ditto, Silicium ditto, Osmium ditto, Gold ditto, Iridium ditto, Rhodium 
ditto, Platinum ditto, Palladium ditto, Mercury ditto, Silver ditto, Copper.ditto, Uranium ditto, 
Bismuth and its Compounds, Tin ditto, Lead ditto, Cerium ditto, Cobalt ditto, Nickel ditto, 
Iron ditto, Cadmium ditto; Zinc ditto, Manganese ditto, Observations, Isomorphous Groups, 
Isomeric ditto, Metameric ditto, Polymeric ditto, Index. 

Press Opinions. 
“This interesting volume has been kept from the pencil of the modern editor and reprinted 

in its entirety by the enterprising publishers of The Pottery Gazette and other trade journals. 
There is an excellent historical sketch of the origin and progress of the art of pottery 

which shows the intimate knowledge of classical as well as (the then) modern scientific litera- 
ture possessed by the late Dr. Shaw; even the etymology of many of the Staffordshire place- 
names is given.”—Glasgow Herald. 

“The historical sketch of the origin and progress of pottery is very interesting and instruc- 
tive. The science of mixing is a problem of great importance, and the query how the natural 
products, alumina and silica can be compounded to form the best wares may be solved by the 
aid of chemistry instead of by guesses, as was formerly the case. This portion of the book may 
be most suggestive to the manufacturer, as also the chapters devoted to the subject of glazes, 
glasses and colours.”—Birmingham Post. 

“Messrs. Scott, Greenwood & Co. are doing their best to place before the pottery trades. 
some really good books, likely to aid the Staffordshire manufacturers, and their spirited enter- 
prise is worthy of encouragement, for the utility of technical literature bearing upon the 
practical side of potting goes without saying. . They are to be congratulated.on their. 
enterprise in republishing it, and we can only hope that they will meet with the support they 
deserve. It seems to be a volume that is worth looking through by both manufacturers and 
a alike, and all local institutions, at any rate, should secure copies.”—Staffordshire 
entine 

Paper Making. 
THE DYEING OF PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
JULIUS ERFuRT, Manager of a Paper Mill. Translated into English 
and Edited with Additions by. JuLius HtBner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns of paper dyed in the pulp. Royal 
8vo, 180 pp. 1901. Price 15s.; India and Colonies, 16s.; Other 
Countries, 20s.; strictly net. Limited edition. 

Contents. 
I., Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 

Mordant—Cotton ; Flax and Hemp; Esparto; Jute; Straw Cellulose; Chemical and Mechani- 
cal Wood Pulp; Mixed Fibres; Theory of Dyeing. ce a Colour Fixing Mediums (Mordants). 
—Alum; Aluminium Sulphate ; Aluminium Acetate; Tin Crystals (Stannous Chloride); Cop- 
peras (Ferrous Sulphate); Nitrate of Iron (Ferric Sulphate) ; Pyrolignite of Iron (Acetate of 
Iron); Action of Tannic Acid ; Importance of Materials containing Tannin; Treatment with 
Tannic Acid of Paper Pulp intended for dyeing; Blue Stone (Copper Sulphate) ; Potassium 
Bichromate; Sodium Bichromate; Chalk (Calcium Carbonate); Soda Crystals (Sodium Car- 
bonate); Antimony Potassium Tartrate (Tartar Emetic).—III., influence of the aah ot 
the Water Used. —IV., Inorganic Colours—1. Artificial Mineral Colours: Iron Buff; Man- 
eae Bronze; Chrome Yellow (Chromate of Lead); Chrome Orange (Basic Chromate of 
ead); Red Lead; Chrome Green; Blue with Yellow Prussiate; Prussian Blue; Method for 

: Producing Prussian Blue free from Acid; Ultramarine—2. Natural Mineral Colours (Earth 
Colours): Yellow Earth Colours; Red Earth Colours; Brown Earth Colours; Green, Grey and 
Black Earth Colours; White Earth Colours; White Clay (China Clay); White Gypsum; 
Baryta; Magnesium Carbonate; Talc, Soapstone. —V., Organic Colours—1. Colours of 
Vegetable and Animal Origin: (a) Substantive (Direct Dyeing) Colouring Matters: Annatto; 
Turmeric; Safflower ; (b) Adjective (Indirect Dyeing) Colouring Matters: Redwood; Cochineal; 
Weld; Persian Berries; Fustic Extract; Quercitron; Catechu (Cutch); Logwood Extract—2. 
Artificial Organic (Coal Tar) Colours: Acid Colours; Basic Colours; Substantive (Direct 
nee Colours; Dissolving of the Coal Tar Colours; Auramine® ; Ae hee Yellow: S°; 
Quinoline Yellow? ; Metanil Yellow®; Paper Yellow®; ‘Azoflavine RS, ‘Cotton Yellow 
Gxx and Rxx; Orange Ti? Chrysoidine BOO REY Vesuvine Extra© ; Veuuvind BO; Past 
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Brown®,Naphthylamine Brown? ; Water Blue IN°; Water Blue TB° ; Victoria Blue B°° ; Methy- 
ilene Blue MD°°; Nile Blue R°°; New Blue S°°; Indoine Blue BB°°; Eosine 442 Nx; Phloxine 
BBN ; Rhodamine B°°; Rhodamine 6G°°; Naphthylamine Red G°; Fast Red A°; Cotton 
Scarlet°; Erythrine RR°; Erythrine X°; Erythrine P°; Ponceau 2 R°; Fast Ponceau G° and 
B°; Paper Scarlet P°°; Saffranine PP°°; Magenta Powder A°°; Acetate of Magenta; 
‘Cerise D 10°°; Methyl Violet BB°°; Crystal Violet™; Acid Violet 3 BN°, 4 R°; Diamond 
Green B°°; Nigrosine WL°; Coal Black°°; Brilliant Black B°.—VI., Practical Application 
of the Coal Tar Colours according to their Properties and their Behaviour towards 
the Different Paper Fibres—Coal Tar Colours, which rank foremost, as far as their fastness 
to light is concerned ; Colour Combinations with which colourless or nearly colourless Back- 
water is obtained; Colours which do .not bleed into White Fibres, for Blotting and Copying 
Paper Pulp; Colours which produce the best results on Mechanical Wood and on Unbleached 
Sulphite Wood; Dyeing of Cotton, Jute and Wool Half-stuff for Mottling White or Light 
Coloured Papers; Colours suitable for Cotton; Colours specially suitable for Jute Dyeing; 
‘Colours suitable for Wool Fibres.—VII., Dyed Patterns on Various Pulp Mixtures— 
Placard and Wrapping Papers; Black Wrapping and Cartridge Papers; Blotting Papers; 
Mottled and Marbled Papers made with Coloured Linen, Cotton and Union Rags, or with 
Cotton, Jute, Wool and Sulphite Wood Fibres, dyed specially for this purpose; Mottling with 
Dark Blue Linen; Mottling with Dark Blue Linen and Dark Blue Cotton; Mottling with Dark 
Blue Cotton; Mottling with Dark Blue and Red Cotton; Mottling with Dark Red Cotton; 
Mottling of Bleached Stuff, with 3 to 4 per cent. of Dyed Cotton Fibres; Mottling with Dark 
Blue Union (Linen and Wool or Cotton Warp with Wool Weft); Mottling with Blue Striped 
Red Union; Mottling of Bleached Stuff with 3 to 4 per cent. of Dyed Wool Fibres; Mottling 
of Bleached Stuff with 3 to 4 per cent. of Dyed Jute Fibres; Mottling of Bleached Stuff with 
8 to 4 per cent. of Dyed Sulphite Wood Fibres; Wall Papers; Packing Papers.—VIIL., 
Dyeing to Shade—Index. 

Press Opinions. 
“The book is one that is of value to every one connected with the colouring of paper.”— 

Paper Trade Journal. 
“The great feature of the volume is undoubtedly the series of actual patterns of dyed 

papers, 157 in all—twelve of which, made in England, have been added to the original German 
series. Detailed formulz are given for the preparation of the pulp for each, and the tints of 
the samples practically form a key, by means of which the accuracy of the student’s or 
practitioner’s experiments can be tested. . . . On the whole the publication is one of distinct 
importance to the trade, and will no doubt speedily become a standard work of reference 
amongst papermakers, both in the ‘lab.’ and the office, as well as being an excellent text-book 
for the use of students in the increasing number of technical institutes in which papermaking 
is taught.”— World's Paper Trade Review. 

Enamelling on Metal. 
ENAMELS AND ENAMELLING. An Introduction to the 

Preparation and Application of all Kinds of Enamels for Technical and 
Artistic Purposes. For Enamel Makers, Workers in Gold and Silver, 
and Manufacturers of Objects of Art. By Paut Ranpau. Translated 
from the German. With Sixteen Illustrations. 180 pp. 1900. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net. 

Contents. 
I., Introduction.—II., Composition and Properties of Glass.—III., Raw Materials for the 

Manufacture of Enamels.—IV., Substances Added to Produce Opacity.—V., Fluxes.—VI., Pig- 
ments.—VII., Decolorising Agents.—VIII., Testing the Raw Materials with the Blow-pipe 
Flame.—IX., Subsidiary Materials.—X., Preparing the Materials for Enamel Making.—XL., 
Mixing the Materials—XII., The Preparation of Technical Enamels, The Enamel Mass.— 
XIII., Appliances for Smelting the Enamel Mass.—XIV., Smelting the Charge.—XV., Com- 
position of Enamel Masses.—XVI., Composition of Masses for Ground Enamels.—XVIL., 
Composition of Cover Enamels.—XVIII., Preparing the Articles for Enamelling.—XIX., 
Applying the Enamel.—XX., Firing the Ground Enamel.—XXI., Applying and Firing the 
Cover Enamel or Glaze.—XXII., Repairing Defects in Enamelled Ware.—XXIII., Enamelling 
Articles of Sheet Metal.—XXIV., Decorating Enamelled Ware.—XXV., Specialities in Ena- 
melling.—XXVI., Dial-plate Enamelling—XXVII., Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours.—Index. 

Press Opinions. 
““Should prove of great service to all who are either engaged in or interested in the art of 
ee ewellers and Watchmakers’ Trade Advertiser. 

“‘T must inform you that this is the best book ever I have come across on enamels, and it is 
worth double its cost.”.—J+s MINCHIN, Jr., Porto, Portugal, 22nd July, 1900. 

“This is a very useful and thoroughly practical treatise, and deals with every branch of the 
enameller’s art. The manufacture of enamels of various colours and the methods of their 
application are described in detail. Besides the commoner enamelling processes, some of the 
more important special branches of the business, such as cloisonné work are dealt with. The 
work is well got up, and the illustrations of apparatus are well executed. The translator is 
evidently a man well acquainted both with the German language and the subject-matter of the 
book.” —Invention. 
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“This is a most welcome volume, and one for which we have long waited in this country.. 
For years we have been teaching design applied to enamelling as well as to several other 
crafts, but we have not risen to the scientific side of the question. Here is a handbook dealing 
with the composition and making of enamels for application to metals for the most part, but 
also for other allied purposes. It is written in a thoroughly practical way, and its author— 
Paul Randau—has made its subject a very particular study. The result, like almost all things. 
which come from the German chemical expert, is a model of good workmanship and arrange- 
ment, and no one who is in search of a handbook to enamelling, no matter whether he is a 
craftsman producing his beautiful translucent colours on gold, silver and copper, or the hollow- 
ware manufacturer making enamelled saucepans and kettles, can wish for a more useful’ 
practical manual.”—Birmingham Gazette, 

THE ART OF ENAMELLING ON METAL. By W. 
NORMAN BROWN. Twenty-eight Illustrations. Crown 8vo. 60 pp. 
1900. Price 2s. 6d.; Abroad, 3s.; strictly net. 

Contents. 
Chapters I., History—Cloisonné—Champs Levé—Translucent Enamel—Surface Painted 

Enamels.—II., Cloisonne—Champs Levés—Translucent—Painted.—III., Painted Enamel— 
Apparatus—Furnaces and Muffies for Firing.—IV., The Copper Base or Plate—Planishing— 
Cloisons—Champ Levé Plates.—V., Enamels—Trituration—Washing—Coating a Plate with 
Enamel—Firing Ordinary Plaques for Painting—Designing—Squaring off.—VI., Designs for 
Cloisonné—Designs for Painted Enamels—Technical Processes—Brushes, etc.,—Colours— 
Grisaille—Full-coloured Designs. 

Press Opinion. 
“The information conveyed in The Art of Enamelling on Metal is as complete as can be ex- 

pected in a manual of ordinary length, and is quite ample in all respects to start students in a 
most interesting branch of decorative art. All necessary requisites are fully described and 
illustrated, and the work is one, indeed, which any one may pursue with interest, for those who: 
are interested artistically in enamels are a numerous body.’”—Hardware Metals and Machinery. 

Books on Textile and Dyeing 
Subjects. 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. HERZFELD. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1901. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s. ; strictly net. 

Contents. 

Yarn Testing. III., Determining the Yarn Number.—IV., Testing the Length of 
Yarns.—V., Examination of the External Appearance of Yarn.—VI., Determining the 
Twist of Yarn and Twist.—VII., Determination of Tensile Strength and Elasticity.— 
VIII., Estimating the Percentage of Fat in Yarn.—IX., Determination of Moisture 
(Conditioning).—Appendix. 

a: Press Opinions. 
“Tt would be well if our English manufacturers would avail themselves of this important 

addition to the extensive list of German publications which, by the spread of technical infor- 
mation, contribute in no small degree to the success, and sometimes to the supremacy, of 
Germany in almost every branch of textile manufacture.”—Manchester Courier. 

“This is probably the most exhaustive book published in English on the subject dealt with.. 
. . . We have great confidence in recommending the purchase of this book by all manu- 
facturers of textile goods of whatever kind, and are convinced that the concise and direct way 
in which it is written, which has been admirably conserved by the translator, renders it 
peculiarly adapted for the use of English readers.”—Textile Recorder. 

“ A careful study of this book enables one to say with certainty that it is a standard work on 
-the subject. Its importance is enhanced greatly by the probability that we have here, for the 
first time in our own language, in one volume, a full, accurate, and detailed account, by a prac- 
tical expert, of the best technical methods for the testing of textile materials, whether in the 
raw state or in the more or less finished product.’”—Glasgow Herald.. 

“The author has endeavoured to collect and arrange in systematic form for the first time 
all the data relating to both physical and chemical tests as used throughout the whole of the 
textile industry, so that not only the commercial and textile chemist, who has frequently to: 
reply to questions on these matters, but also the practical manufacturer of textiles and his 
subordinates, whether in spinning, weaving, dyeing, and finishing, are catered for. . . . The 
book is profusely illustrated, and the subjects of these illustrations are clearly described.”— 
Textile Manufacturer. 



25 

DECORATIVE AND FANCY TEXTILE FABRICS. 
With Designs and Illustrations. By R.T. Lorp. A Valuable Book for 
Manufacturers and Designers of Carpets, Damask, Dress and all Textile 
Fabrics. 200 pp. 1898. Demy 8vo. 132 Designs and Illustrations. Price 
7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ; strictly net. 

Contents. 
Chapters I., A Few Hints on Designing Ornamental Textile Fabrics,—II., A Few Hints on 

Designing Ornamental Textile Fabrics (continued).—III., A Few Hints on Designing Orna- 
mental Textile Fabrics (continued)—IV., A Few Hints on Designing Ornamental Textile 
Fabrics (continued).—V., Hints for Ruled-paper Draughtsmen.—VI., The Jacquard Machine.— 
VII., Brussels and Wilton Carpets.—VIII., Tapestry Carpets.—IX., Ingrain Carpets.—X., 
Axminster Carpets.—XI., Damask and Tapestry Fabrics.—XII., Scarf Silks and Ribbons.— 
XIII., Silk Handkerchiefs.—XIV., Dress Fabrics.—XV., Mantle Cloths.—XVI., Figured Plush. 
—XVII., Bed Quilts.—XVIII., Calico Printing. : 

Press Opinions. 
“The book can be strongly recommended to students and practical men.”’—Textile Colourist. 
“Those engaged in the designing of dress, mantle tapestry, carpet and other ornamental 

textiles will find this volume a useful work of reference.”—Leeds Mercury. 
“The book is to be commended as a model manual, appearing at an opportune time, since 

every day is making known a growing desire for development in British industrial art.”— 
Dundee Advertiser. 

“ Designers especially, who desire to make progress in their calling, will do well to take the 
hints thrown out in the first four chapters on ‘ Designing Ornamental Textile Fabrics ’.”— 
Nottingham Daily Guardian. 

POWER-LOOM WEAVING AND YARN NUMBERING, 
According to Various Systems, with Conversion Tables. An Auxiliary 
and Text-book for Pupils of Weaving Schools, as well as for Self- 
Instruction and for General Use by those engaged in the Weaving 
Industry. Translated from the German of ANTHON GRUNER. With 
Twenty-six Diagrams.in Colours. 150 pp. 1900. Crown 8vo. Price 
7s. 6d.; India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly net. 

Contents. 
I., Power=-Loom Weaving in General. Various Systems of Looms.—II., Mounting 

and Starting the Power-Loom. English Looms.—Tappet or Treadle Looms.—Dobbies.— 
III., General Remarks on the Numbering, Reeling and Packing of Yarn.—Appendix. — 
Useful Hints. Calculating Warps.—Weft Calculations.—Calculations of Cost Price in Hanks. 

Press Opinions. 
“A long-felt want in the weaving industry has been suppliedjby the issue of a cheap volume 

dealing with the subject.”—Belfast Evening Telegraph. 
“The work has been clearly translated from the German and published with suitable 

a xcser na ... The author has dealt very practically with the subject.”—Bradford Daily 
elegraph. 
“The book, which contains a number of useful coloured diagrams, should prove invaluable 

to the student, and its handy form will enable it to become a companion more than some cum- 
brous work.”—Cotton Factory Times. 

“The book has been prepared with great care, and is most usefully illustrated. It is a capital 
text-book for use in the weaving schools or for self-instruction, while all engaged in the weaving 
industry will find its suggestions helpful.”—-Northern Daily Telegraph. 

“The various systems are treated. in a careful manner; also the different looms and their 
manufacture, as well as the whole processes of the work. Yarn numbering according to various 
systems, with conversion tables and numerous coloured diagrams, materially assist to a clear 
comprehension of the subject.”—Northern Whig. 

“The ‘inside’ managers of our textile mills in which the work is complex or greatly varied, 
and where yarns of different materials are in use, will find this work convenient for reference in 
case of novelty or difficulty. We may also say the same in relation to the textile student. Its 
description of the parts of the loom and their functions will be of use to the latter, being of the 
most elementary kind.”—Textile Mercury. 

“The author attempts to fill a gap in weaving literature caused by the neglect of many 
obscure points connected with the industry. A short review is given of the power-loom as a 
whole, followed by a description of the different parts of the machinery with their advantages 
and defects. . . . The book is severely technical, but must on that account be very valuable to 
the pupil who is determined to master this industrial art.”—Cheshire County News. 

“It is clear and concise, and gives just that knowledge in quality and amount which an 
student of the weaving industry ought to consider as a minimum necessary for his oiinh 
comprehension of his future profession. The handiness and variety of the information com- 
prised in Section III., dealing with the numbering and reeling of yarns employed in the various 
systems in different countries, struck us as particularly useful ”"—North British Daily Mail. 
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“This work brings before weavers who are actually engaged in the various branches of 
fabrics, as well as the technical student, the different parts of the general run of power-looms in 
such a manner that the parts of the loom and their bearing to each other can be readily under- 
stood. ... The work should prove of much value, as it is in every sense practical, and is put 
before the reader in such a clear manner that it can be easily understood.” —Textile Industries. 

“The book under notice is intended as an instructor to those engaged in power-loom weaving, 
and, judging by its compilation, the author is a thorough master of the craft. It is not over- 
loaded with details, and he manages to compress in a book of some 150 pages all that one can 
possibly wish to know about the different parts of the machinery, whether of English or foreign 
make, and for whatever kind of cloth required. A comprehensive summary is also included of 
the various yarns and methods of numbering them, as well as a few useful hints and a number 
of coloured diagrams for mandarin weavings. The book is printed in bold, legible type, on 
good paper, has a copious index, and is well and strongly bound.”’—A shton-under-Lyne Herald. 

“In dealing with the complicated parts of various classes of power-looms, the writer, who is 
one of the professors at the Royal Weaving School of Asch, brings to the work a thorough 
knowledge of the subject, and, what is of great value, he has the gift of communicating his 
knowledge in a way which is easily understood. The smallest details of loom-setting are 
entered into, and a full explanation of problems, which are a source of anxiety to many en- 
gaged in overlooking, is given. Students will find the work an admirable text-book, and all 
who are interested in weaving will see in it a valuable addition to the literature on this subject. 
os The book is in small compass, and is crowded with valuable information.”—Bradford 

Observer. 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By Georce H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d.; India and Colonies, 8s.; Gther Countries, 8s. 6d. ; 

strictly net. 
: Contents. 

Chapters I., Colour and Its Production. Light, Colour, Dispersion of White Light 
Methods of Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The 
Spectrum, Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity 
of Colours, The Polariscope, Phosphorescence, Fluorescence, Interference.—II., Cause of 
Colour in Coloured Bodies. Transmitted Colours, Absorption Spectra of Colouring 
Matters.—III., Colour Phenomena and Theories. Mixing Colours, White Light from 
Coloured Lights, Effect of Coloured Light on Colours, Complementary Colours, Young- 
Helmholtz Theory, Brewster Theory, Supplementary Colours, Maxwell’s Theory, Colour 
Photography.—IV., The es Aeasiprs 27 of Light. Structure of the Eye, Persistence of Vision, 
Subjective Colour Phenomena, Colour Blindness.—V., Contrast. Contrast, Simultaneous 
Contrast, Successive Contrast, Contrast of Tone, Contrast of Colours, Modification of Colours 
by Contrast, Colour Contrast in Decorative Design.—VI., Colour in Decoration and 
Design. Colour Harmonies, Colour Equivalents, [Illumination and Colour, Colour and 
Textile Fabrics, Surface Structure and Colour.—VII., Measurement of Colour. Colour 
Patch Method, The Tintometer, Chromometer. 

Press Opinions. 
“This useful little book possesses considerable merit, and will be of great utility to those for 

whom it is primarily intended.”—Birmingham Post. 
“It will be found to be of direct service to the majority of dyers, calico printers and colour 

mixers, to whom we confidently recommend it.”—Chemical Trade Journal. 
“It is thoroughly practical, and gives in simple language the why and wherefore of the many 

colour phenomena which perplex the dyer and the colourist.”—Dyer and Calico Printer. 
“We have found the book very interesting, and can recommend it to all who wish to master 

the different aspects of colour theory, with a view to a practical application of the knowledge so 
gained.”—Chemist and Druggist. 

“Mr. Hurst’s Handbook on the Theory of Colour will be found extremely useful, not only to 
the art student, but also to the craftsman, whose business it is to manipulate pigments and 
dyes.” —Nottingham Daily Guardian. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) Text-book for 
Textile, Trade and Higher Technical Schools. By JuLIus ZIPSER. 
Translated from German by CHARLES SALTER. | 302 Illustrations. 
480 pp. Demy 8vo. 1901. Price 10s. 6d.; India and Colonies, 11s. ; 
Other Countries, 12s. ; strictly net. 

Contents. 
Raw Materials: Cotton—Wool—Flax—Hemp—Jute—Hair—Shearing Sheep—Goat 

Wool—Silk—Detection and Estimation of Textile Raw Materials in Yarns and Fabrics—Tests. 
—The Technology of Spinning. Cotton Spinning: Bale Breakers—Carding—Combing 
—Roving—Mule Frames—Yarn Testing—Humidifiers. Flax Spinning: Tow Spinning— 
String Spinning—Carded Woollen Yarn—Belt Condenser—Fine Spinning—Yarn Numbering.— 
Manufacture of True Worsted Yarn: Semi-Worsted Yarns.—Artificial Wool or 
Shoddy Spinning: Spinning Shoddy.—Index. 
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THE COLOUR PRINTING OF CARPET YARNS. A 
Useful Manual for Colour Chemists and Textile Printers. By Davip 
PaTERSON, F.C.S. Seventeen Illustrations. 132 pp. Demy 8vo. 1900. 
Price 7s. 6d. ; India and Colonies, 8s. Other Countries, 8s. 6d.; strictly 

net. Contents. 
Chapters I., Structure and Constitution of Wool Fibre.—II., Yarn Scouring.—III., Scouring 

Materials.—1V., Water for Scouring.—V., Bleaching Carpet Yarns.—VI., Colour Making for 
Yarn Printing.—VII., Colour Printing Pastes.—VIII., Colour Recipes for Yarn Printing.— 
IX., Science of Colour Mixing.—X., Matching of Colours.—XI., “Hank” Printing.—XII., 
Printing Tapestry Carpet Yarns.—XIII., Yarn Printing.—XIV., Steaming Printed Yarns.— 
XV., Washing of Steamed Yarns.—XVI., Aniline Colours Suitable for Yarn Printing.—XVII., 
Glossary of Dyes and Dye-wares used in Wood Yarn Printing.—Appendix. 

. Press Opinions. 
“The book is worthy the attention of the trade.”— Worcester Herald. 
“The treatise is arranged with great care, and follows the processes described in a manner 

at once clear and convincing.”—Glasgow Record. 
‘“A most useful manual dealing in an intelligible and interesting manner with the colour 

printing of carpet yarns.”—Kidderminster Times. 
“ An eminent expert himself, the author has evidently strained every effort in order to make 

his work the standard guide of its class.”—Leitcester Post. 
“ The book, which is admirably printed and illustrated, should fulfil the need of a practical 

guide in the colour printing of carpet yarns.—Nottingham Express. 
“The subject is very exhaustively treated in all its branches. . . . The work, which is very 

well illustrated with designs, machines, and wool fibres, will be a useful addition to our textile 
literature.”—Northern Whig. 

“Tt gives an account of its subject which is both valuable and instructive in itself, and likely 
to be all the more welcome because books dealing with textile fabrics usually have little or 
nothing to say about this way of decorating them.”—Scotsman. 

“The work shows a thorough grasp of the leading characteristics,as well as the minutz of 
the industry, and gives a lucid description of its chief departments. ... As a text-book in 
technical schools where this branch of industrial education is taught,jthe book is valuable, or 
it may be perused with pleasure as well as profit by any one having an interest in textile in- 
dustries.”—Dundee Courier. 

“The book bears every mark of an extensive practical knowledge of the subject in all its 
bearings, and supplies a real want in technical literature. Chapters IX. and X., on the science 
of colour mixing and colour matching respectively, are especially good, and we do not remem- 
ber to have seen the bearing of various kinds of light, and of the changes from one kind of light 
to another on the work of the colourist, so well treated elsewhere.”—Dyer and Calico Printer. 

“It is thoroughly practical, and contains much information which has not hitherto appeared 
in book form. It is pleasing to note that the practical part is not crowded out with purely 
‘practical recipes’. A few typical examples are given, and the rest is left to the common sense 
and judgment of the printer or works’ chemist. Another pleasing feature is the accounts given 
here and there of the author’s own researches on the subject. The work will be of interest to 
printers of wool generally, and to those engaged in the dyeing of this fibre.”—Journal of the 
Society of Dyers and Colourists. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 
L. TAILFER, Chemical and Mechanical Engineer. Translated from the 
French by JOHN GEDDES McINTOsH, Lecturer on Chemical Technology, 
London. Demy 8vo. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d ; 
Other Countries, 15s. ; strictly net. 

Contents. 
Chapter I. General Considerations on Bleaching. Chapter II. Steeping. Chapter III 

Washing: Its End and Importance—Roller Washing Machines—Wash Wheel (Dash Wheel)— 
Stocks or Wash Mill—Squeezing. Chapter IV. Lye Boiling—Lye Boiling with Milk of Lime 
—Lye Boiling with Soda Lyes—Description of Lye Boiling Keirs—Operations of Lye Boiling 
—Concentration of Lyes. Chapter V. Mather and Platt’s Keir—Description of the Keir— 
Saturation of the Fabrics—Alkali used in Lye Boiling—Examples of Processes. Chapter VI. 
Soap—aAction of Soap in Bleaching—Quality and Quantity of Soaps to use in the Lye—Soap 
Lyes or Scalds—Soap Scouring Stocks. Chapter VII. Bleaching on Grass or on the Bleach- 
ing Green or Lawn. Chapter VIII. Chemicking—Remarks on Chlorides and their De- 
colourising Action—Chemicking Cisterns—Chemicking—Strengths, etc. Chapter [X. Sours . 
—Properties of the Acids—Effects Produced by Acids—Souring Cisterns. Chapter X. 
Drying—Drying by Steam—Drying by Hot Air—Drying by Air. Chapter XI. Damages to 
Fabrics in Bleaching—Yarn Mildew—Fermentation—Iron Rust Spots—Spots from Contact 
with Wood—Spots incurred on the Bleaching Green—Damages arising from the Machines, 
Chapter XII. Examples of Methods used in Bleaching—Linen—Cotton. Chapter XIII. The 
Valuation of Caustic and Carbonated Alkali (Soda) and General Information Regarding these 
Bodies—Object of Alkalimetry—Titration of Carbonate of Soda—Comparative Table of 
Different Degrees of Alkalimetrical Strength—Five Problems relative to Carbonate of Soda 
—Caustic Soda, its Properties and Uses—Mixtures of Carbonated and Caustic Alkali—Note 
on a Process of Manufacturing Caustic Soda and Mixtures of Caustic and Carbonated Alkali 
(Soda). Chapter XIV. Chlorometry—Titration—Wagner’s Chlorometric Method—Prepara- 
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tion of Standard Solutions—Apparatus for Chlorine Valuation—Alkali in Excess in De- 
colourising Chlorides. Chapter XV. Chlorine and Decolourising Chlorides—Synopsis— 
Chlorine—Chloride of Lime—Hypochlorite of Soda—Brochoki’s Chlorozone—Various De- 
colourising Hypochlorites—Comparison of Chloride of Lime and Hypochlorite of Soda. 
Chapter XVI. Water—Qualities of Water—Hardness—Dervaux’s Purifier—Testing the 
Purified Water—Different Plant for Purification—Filters. Chapter XVII. Bleaching of 
Yarn—Weight of Yarn—Lye Boiling—Chemicking—Washing—Bleaching of Cotton Yarn. 
Chapter XVIII. The Installation of a Bleach Works—Water Supply—Steam Boilers—Steam 
Distribution Pipes—Engines—Keirs—Washing Machines—Stocks—Wash Wheels—Chemick- 
ing and Souring Cisterns—Various—Buildings. Chapter XIX. Addenda—Energy of De- 
colourising Chlorides and Bleaching by Electricity and Ozone—Energy of Decolourising 
Chlorides—Chlorides—Production of Chlorine and Hypochlorites by Electrolysis—Lunge’s 
Process for increasing the intensity of the Bleaching Power of Chloride of Lime—Trilfer’s 
set ih for Removing the Excess of Lime or Soda from Decolourising Chlorides—Bleaching 
y Ozone. 

THE SCIENCE OF COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
Davip PATERSON, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing Eleven Dyed Specimens of Fabrics. 132 
pp. Demy 8vo. 1900. Price 7s. 6d.; India and Colonies, -8s.; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 
Chapters I., Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and 

Transparent Bodies; Surface Colour.—II., Analysis of Light; Spectrum; Homogeneous 
Colours; Ready Method of Obtaining a Spectrum.—III., Examination of Solar Spectrum; 
The Spectroscope and Its Construction; Colourists’ Use of the Spectroscope.—IV., Colour by 
Absorption ; Solutions and Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight.—V., Colour 
Primaries of the Scientist versus the Dyer and Artist; Colour Mixing by Rotation and Lye 
Dyeing ; Hue, Purity, Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours.— 
VI., Colour Mixing ; Pure and Impure Greens, Orange and Vidlets; Large Variety of Shades 
from few Colours; Consideration of the Practical Primaries: Red, Yellow and Blue.—VIL., 
Secondary Colours; Nomenclature of Violet and Purple Group; Tints and Shades of Violet; 
Changes in Artificial Light—VIII., Tertiary Shades; Broken Hues; Absorption Spectra of 
Tertiary Shades.—Appendix: Four Plates with Dyed Specimens Illustrating Text.—Index. 

Press Opinions. ; 
“The work has evidently been prepared with great care, and, as far as we can judge, should 

be very useful to the dyer and colourist.”—Halifax Courier. 
‘The volume, which is clearly and popularly written, should prove of the utmost service to 

all who are concerned with the practical use of colours, whether as dyers or painters.”— 
Scotsman. 

“To the practical colourist, and also to technical students, Mr. Paterson’s new work will be 
very welcome We are often asked to recommend books on different subjects, and have no 
hesitation in advising the purchase of the present volume by dyers and calico printers, as con- 
taining a mass of most useful information at a nominal price.”—Irish Textile Journal. 

“Mr, Paterson’s work not only clearly deals with the theory of colour, but supplies lucid 
directions for the practical application of the theory. His work will be found exceedingly 
helpful, not only to the practical colourist, but also to students in our textile colleges, by 
forming a useful complement to their class lectures. There are several exquisitely coloured 
plates and a large number of other illustrations of theory and practice in colour blending, and 
also a series of plates with specimens of dyed fabrics attached, in explication of the author’s 
views.”—Wakefield Express. 

“Mr. Paterson has little to say upon the experimental aspect or on its zesthetics, but much 
upon the theory of colour, especially as it bears upon the question—an all-important one to 
dyers, calico printers and artists, who have to produce such a variety of shades and tints—of 
the admixture of one colour upon another. ... The author is a dyer, and in his concluding 
chapters keeps well before him the special wants and requirements of dyers. He writes 
pleasantly and lucidly, and there is no difficulty in following him, although here and there a 
lapse into ambiguousness occurs. The book is well printed, generously supplied with coloured 
plates, very nicely if not brightly got up; and the dyed patterns at the end enhance the value 
of the book to the dyer.”—Textile Mercury. 

“For some time the proprietors of The Oil and Colourman’s Journal have been engaged in 
the publication of a series of practical handbooks intended for the use of those interested in 
certain branches of technology, and the present volume is the latest addition to their list. 
The feature which the works have in common—and it is an all-important one in treatises of 
this sort—is their eminently practical character. The primary aim of the publishers is to 
provide scientific text-books which will be helpful to those who. are either actively engaged in 
the practice of the arts in question, or who are studying with that immediate end in view... . 
Mr. Paterson speaks with that assured knowledge of an expert, and in the present volume, as 
in that which he has already contributed to the same series, he sets forth the true foundation 
of the art of colouring in a manner at once comprehensive and judicious. ... For dyers, 
calico printers and colourists in general, whose desire it is to work with accuracy in their 
respective branches, the treatise will prove an invaluable guide-book, provided the principles 
and methods it describes are studied with intelligence and care. To this end, every encourage- 
ment has been given that well-chosen examples, carefully executed plates and diagrams, and 
an exhaustive index can supply.”—Glasgow Herald. 
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COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By Davip Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics Illustrating Text. Demy 8vo. 132 pp. 1901. Price 7s. 6d.; 
India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Colour Vision and Structure of the Eye—Perception of Colour—Primary 

and Complementary Colour Sensations.—II., Daylight for Colour Matching—Selection of a 
Good Pure Light—Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, 
etc., etc.—III., Matching of Hues—Purity and Luminosity of Colours—Matching Bright Hues 
—Aid of Tinted Films—Matching Difficulties Arising from Contrast.—IV., Examination of 
Colours by Reflected and Transmitted Lights—Effect of Lustre and Transparency of Fibres 
in Colour Matching.—V., Matching of Colours on Velvet Pile—Optical Properties of Dye- 
stuffs, Dichroism, Fluorescence.—VI., Use of Tinted Mediums—Orange Film—Defects of the 
Eye—Yellowing of the Lens—Colour Blindness, etc.—VII., Matching of Dyed Silk Trimmings 
and Linings and Bindings—Its Difficulties—Behaviour of Shades in Artificial Light—Colour 
Matching of Old Fabrics, etc.—VIII., Examination of Dyed Colours under the Artificial Lights 
—Electric Arc, Magnesium and Dufton, Gardner Lights, Welsbach, Acetylene, etc.—Testing 
Qualities of an Illuminant.—IX., Influence of the Absorption Spectrum in Changes of Hue 
under the Artificial Lights—Study of the Causes of Abnormal Modifications of Hue, etc. 

Reissue of 

THE ART OF DYEING WOOL, SILK AND COTTON. 
Translated from the French of M. HELLoT, M. MacgueErR and M. LE 
PILEuR D’APLIGNY. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. : 

Introduction.—Chapters I., Of the Vessels and Utensils used in Dyeing.—II., Of the Fixed 
and Fugitive, commonly called Great and Little Dye.—III., Of Colours in Grain. Dyeing 
Wool: IV., Of Blue.—V., Of the Pastel Vat—Directions for the Proper Management of the 
Vat—Indications when the Vat has Suffered by too much or too little Lime, the two extremes 
which ought carefully to be avoided—The Preparations of Indigo for the Pastel Vat.—VI., 
Of the Woad Vat.—VII., Of the Indigo Vat.—VIII., Of the Cold Indigo Vat with Urine—A 
Hot Indigo Vat with Urine—To Reheat a Urine Vat.—IX., A Cold Indigo Vat without Urine. 
—X., Of the Method of Dyeing Blue.—XI., Of Red.—XII., Of Scarlet in Grain, or Venetian 
Scarlet.—XIII., Of Fire Scarlet.—XIV., Of Crimson.—XV., Of Gum Lac Scarlet.—XVI., Of 
the Coccus polonicus, a Colouring Insect.—XVII., Of Madder Red.—XVIII., Of Yellow.—XIX., 
Of Brown or Fawn Colour.—XX., Of Black.—XXI., Of the Colours obtained from a Mixture of 
Blue and Red.—XXII., Of the Mixture of Blue and Yellow.—XXIII., Of the Mixture of Blue 
and Fawn Colour.—XXIV., Of the Mixture of Blue and Black.—XXV., Of the Mixture of Red 
and Yellow.—XXVI., Of the Mixture of Red and Fawn.—XXVII., Of the Mixture of Red and 
Black.—_XXVIII., Of the Mixture of Yellow and Fawn Colours.—XXIX., Of the Mixture of 
Yellow and Black.—XXX., Of the Mixture of Fawn Colour and Black.—XXXI., Of the Prin- 
cipal Mixtures of the Primitive Colours by Three and Three.—XXXII., The Method of Blending 
Wool of Different Colours for mixed Cloth or Stuffs—XXXIII., The Method of Preparing 
Felts for Trial—_XXXIV., The Method of Dyeing Woollens False Colours.—XXXV., Of Flock 
or Goats’ Hair.—XXXVI., Of Archil, and the Method of Using It.—XXXVII., Of Logwood.— 
XXXVIII., Of Brazil Wood.—XXXIX., Of Fustic.—XL., Roucou.—XLI., Of French Berries. 
rca dak Of. Turmeric.—XLIII., Instructions for the Proof Liquor for Wool and Woollen 
Stuffs. 

Part II., The Art of Dyeing Silk : Ungumming and Boiling for White.—For Boiling of 
Silks Intended to be Dyed.—Observations on Ungumming and Boiling.—Of White.—Of Whiten- 
ing.—Sulphuring.—Observations on Whitening and Sulphuring—Of Aluming.—Remarks on 
Aluming.—Of Blue.—Remarks on the Blue of Indigo.—Of Yellow.—Remarks on Yellow.— 
Aurora, Orange, Mordore, Gold Colour and Chamois.—Red and Crimson.—Remarks on 
Crimson.—Of False Crimson or the Red of Brazil_—Remarks on the Red, or Crimson of Brazil 
Wood.—Of Scarlet, Orange, Red and Cherry Colour.—Preparation of the Carthamus or 
Bastard Saffron.—Remarks on the Dye of Carthamus or Bastard Saffron.—Of the False 
Poppy or Fire Colour Produced with Brazil Wood.—False Rose Colour.—Of Green.— 
Remarks.—Of Olives.—Remarks.—Of Violet.—Of Fine Violet, or Violet in Grain.—Of False 
or Common Violets or Lilac.—Of the Violet of Logwood.—Remarks.—Violet of Logwood and 
Verdigris.—Violets of Brazil and Logwood.—Remarks.—Violets from Brazil Wood and Archil. 
—Of Purple, Gillyflower, and of Fine Cochineal or Purple.—Of False Purple—Of Maroons, 
Cinnamons and White Lees.—Remarks.—Of Nut Greys, Thorn Greys, Black and Iron Greys 
and others of the same Species.—Of Black.—Softening of Black.—Black in the Raw.—Remarks 
on Black.—Particular Process Communicated by M. Hellot.—Genoa Crimson, a Process 
Proved in May, 1743.—Violet Crimson of Italy.—Half Violet.—Genoa Black for Velvets. 

Part III., The Art of Dyeing Cotton and Linen Thread, together with the Method 
of Stamping Silks, Cottons, etc. : Of Dyeing in General—Inquiry concerning Wool, Silk, 
Cotton and Flax.—Of Wool.—Of Silk.—Of Cotton.—Of Flax.—Conclusion from the Examina- 8 
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tion of Substances Commonly Dyed.—Of Bleaching.—Preparation for Stuffs to be Dyed.— 
Astringents.—Theory of Dyeing Stuffs Prepared with Alum.—Of Colouring Substances.— 
Of Cochineal and Colouring Insects.—Of Madder.—Of Vegetables Furnishing a Yellow Dye.— 
Of the Colouring Drugs Used in Dyeing without Astringents.—Of Indigo.—Of Substances 
Used in Dyeing Fawn and Root Colour.—Of Carthamus, Roucou, etc.—Of Black. Of Dyeing 
of Cotton Thread: Of Cleansing.—Of the Colours Employed for the Dyeing of Cotton 
Thread.—Of Blue.—Of Red.—Adrianople Red.—Observations on this Dye.—Of Yellow.—Of 
Green.—Of Violet.—Of Red Cinnamon.—Of Black.—Black for Linen and Cotton Thread by a 
Combination of Colours.—Of Grey.—Of More Durable Greys.—Of Musk Colour.—Olive and 
Duck Greens.—Of Browns, Maroons, Coffee Colours, etc.—Of Silk Stuffs Dyed of Several 
Colours.—The Manner of Stamping Silk, etc., in Europe.—Of a Linen with a Blue Ground 
and White Pattern.—Of Saxon Blue.—Observations on this Dye.—Indexes. 

THE DYEING OF COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By FRANKLIN BEECH, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d.; India 
and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Structure and Chemistry of the Cotton Fibre.—II., Scouring and Bleaching of 

Cotton,—III., Dyeing Machinery and Dyeing Manipulations.—IV., Principals and Practice of 
Cotton Dyeing—1, Direct Dyeing; 2, Direct Dyeing followed by Fixation with Metallic Salts; 
3, Direct Dyeing followed by Fixation with Developers; 4, Direct Dyeing followed by Fixation 
with Couplers; 5, Dyeing on Tannic Mordant; 6, Dyeing on Metallic Mordant; 7, Production 
of Colour Direct upon Cotton Fibres; 8, Dyeing Cotton by Impregnation with Dye-stuff Solu- 
tion.—V., Dyeing Union (Mixed Cotton and Wool) Fabrics.—VI., Dy@gng Half Silk (Cotton- 
Silk, Satin) Fabrics.—VII., Operations following Dyeing—Washing, Soaping, Drying.—VIII., 
Testing of the Colour of Dyed Fabrics.—IX., Experimental Dyeing and Comparative Dye 
Testing.—Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours, thus making it of great service in the Dyehouse, while to the Student it 
is of value in that the scientific principles which underlie the operations of dyeing are clearly 
laid down. 

COTTON SPINNING (First Year). By THomas THorN_Ley, 
Spinning Master, Bolton Technical School. 160 pp. 84 Illustrations. 
Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d.; strictly net. 

Contents. 
Syllabus and Examination Papers of the City and Guilds of London Institute.—Chapters 

I., Cultivation, Classification, Ginning, Baling and Mixing of the Raw Cotton.—Il., Bale- 
Breakers, Mixing Lattices and Hopper Feeders —III., Opening and Scutching.—IV., Carding. 
@ Index to Illustrations.—General Index. 

COTTON SPINNING (Intermediate, or Second Year). By 
THOMAS THORNLEY. 180 pp. 70 Illustrations. Crown 8vo. 1901. 
Price 5s.; India and British Colonies, 5s. 6d.; Other Countries, 6s. ; 
strictly net. 

Contents. 
Syllabuses and Examination Papers of the City and Guilds of London Institute.—Chapters 

I., The Combing Process.—II., The Drawing Frame.—III., Bobbin and Fly Frames.—IV., Mule 
Spinning.—V., Ring Spinning.—Index to Illustrations.—General Index. 

COTTON SPINNING (Honours, or Third Year). By THomas 
THORNLEY. 216 pp. . 74 Illustrations. Crown 8vo. 1901. Price 5s. ; 
India and British Colonies, 5s. 6d.; Other Countries, 6s.; strictly net. 

Contents. ; : 
Syllabuses and Examination Papers of the City and Guilds of London Institute.—Chapters 

I., Cotton.—II., The Practical Manipulation of Cotton Spinning Machinery.—III., Doubling 
and Winding.—IV., Reeling.—V., Warping.—VI., Production and Costs.—VII., Main Driving. 
—VIIIL., Arrangement of Machinery and Mill Planning.—IX., Waste and Waste Spinning.— 
Index to Illustrations.—General Index. 

Books for Mining Engineers 
and Steam Users. 

RECOVERY WORK AFTER PIT FIRES. A Description 
of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By ROBERT LAMPRECHT, Mining Engineer and 
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Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp.,demy 8vo. 1901. 
Price 10s. 6d.; India and Colonies, 1ls.; Other Countries, 12s. ; 
strictly net. Contents. 

Preface.—I., Causes of Pit Fires: 1, Fires Resulting from the Spontaneous Ignition of 
Coal; 2, Fires Caused by Burning Timber; 3, Fires Caused by Fire-damp Explosions.—II., 
Preventive Regulations: 1, The Outbreak and Rapid Extension of a Shaft Fire can be 
most reliably prevented by Employing little or no Combustible Material in the Construction of 
the Shaft; 2, Precautions for Rapidly Localising an Outbreak of Fire in the Shaft; 3, Pre- 
cautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient Precautions 
against Spontaneous Ignition of Coal. Precautions for Preventing’ Explosions of Fire-damp 
and Coal Dust. Employment of Electricity in sare! A particularly in Fiery Pits. Experiments 
on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity.—IIL., Indica= 
tions ar an Existing or Incipient Fire.—IV., Appliances for Working in Irrespirable 
Gases : 1, Respiratory Apparatus; 2, Apparatus with Air Supply Pipes, (a) The Bremen Smoke 
Helmet, (6) The Miller Smoke Helmet, (c) The Stolz Rescue Mask; 8, Reservoir Apparatus; 
4, Oxygen Apparatus. The Schwann Respiratory Apparatus. The Fleuss Respiratory Ap- 
paratus. The Improved Walcher-Girtner Pneumatophor, (a) The Single Bottle Apparatus, 
Instructions for Using the Pneumatophor, Taking to Pieces and Resetting the Apparatus 
ready for Use; (b) Two Bottle Apparatus (Shamrock Type). The Neupert Rescue Apparatus 
(The Mayer-Pilar System).—V. Extinguishing Pit Fires : (2) Chemical Means; (b) Extinction 
with Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the 
Seat of the Fire by Dams. Dam Building. Dam Work in the Fiery Pits of Southern Hungary : 
(a) Cross-dams of Clay; (0) Masonry Dams, Gallery Linings. Wagner’s Portable Safety Dam. 
Analyses of Fire Gases. Isolating the Seat of a Fire with Dams: Working in Irrespirable 
Gases (‘‘ Gas-diving ”’): i¥-Lock Work (Horizontal Advance) on the Mayer System as Pur- 
sued at Karwin in 1894 ;°2, Air-Lock Work (Horizontal Advance) by the Mauerhofer Modified 
System. Vertical Advance, Mayer System. Complete Isolation of the Pit. Flooding a 
Burning Section isolated by means of Dams. Wooden Dams: (a) Upright Balk Dams; (b) 
Horizontal Balk Dams; (c) Wedge Dams, Masonry Dams. Examples of Cylindrical and Dome- 
thaped Dams. Dam Doors: Flooding the Whole Pit.—VI., Rescue Stations: (a) Stations 
xbove Ground; (b) Underground Rescue Stations.—VII., Spontaneous Ignition of Coal in 
Bulk.—Index. 

. Illustrations. 
Sheet I., Respiratory and Rescue Appliances—Precautions against Fire. Figs. 1, 

Smoke Helmet; 2, Miller’s Smoke Helmet; 3, Low-pressure Respiration Apparatus; 4, High- 
pressure Respiration Apparatus; 5, The Stolz Mask for Rescue Work; 6, Precautions against 
Fire—Sheet II., Respiratory and Rescue Apparatus. Figs. 1, Recovery Work with 
Miller's Smoke Helmet after a Fire; 2-8, The Fleuss Respiration Apparatus; 9, The Walcher- 
Gartner Pneumatophor: 10-12, Pneumatophor (Shamrock Type).—Sheet III., Respiratory 
and Rescue Apparatus—Stretchers. Figs. 1-8, Rescue Apparatus manufactured by O. 
Neupert’s Successor (Mayer-Pilar System) ; 1, Front View; 2, Section through Bag and Mask ; 
3, Rear View; 4, Apparatus and Mask laid out Flat (view from above); 5, Apparatus and Mask 
laid out Flat (view from below); 6, Locking Device for Closing Bag; 7, Apparatus Complete, 
Mounted for Rescue Work; 8, Improved Valve in the Respiration Tubes; 9-12, Stretchers. 
Fig. 9, Stretcher Covered with Brown Canvas; 10, Stretcher Covered with Brown Canvas, 
fitted with Adjustable Head-rest; 11, Folding Stretcher Covered with Brown Canvas; 12, 
Rupprecht’s Stretcher Covered with Brown Canvas; 13, Dr. Rihlmann’s Stretcher.—Sheet 
IV.,Dams. Figs. 1-7, R. Wagner’s Portable Safety Dam.—Sheet V., Signalling Appliances 
—Dam Construction—Cable Laying. Figs. 1-3, Signalling Appliances; 1, Small Induction 
Apparatus for Pit Work; 2, Bell Signal for Pit Work; 3, Pit Telephone; 4-18, Dam Con= 
struction; 4, 5, Upright Timber Dam; 6, 7, Timber Dam with Wooden Door; 8, 9, Dome- 
shaped Dams; 10, 11, Dome-shaped Dam with Iron Door; 12,13, The Wenker and Berninghaus 
Locking Device for Dam Doors; 14-17, Dam Construction; 18, Damming a Gallery Lined with 
Iron; 19, Support for Cable.—Sheet VI., Working with Diving Gear in Irrespirable Gases 
—Gallery Work. Figs. 1-4, Air-Lock Work (Mayer System); 5-7, Air-Lock (Mauerhofer’s 
Modification of the Mayer System); 8-11, Construction of Dams at the Pluto Shaft.—Sheet 
VIl., Working with Diving Gear in Irrespirable Gases (Mayer System)—Appliances in 
the Shaft. Figs. 1, 2, Sections of Shaft and Air Apparatus; 3, Salzmann Reducing Valve for 
Reserve Air Supply; 4,5, L. v. Bremen’s Respiration Apparatus with Karwin Reserve Ap- 
pliance; 6, Cross Section of the Franziska Shaft; 7, Method of Supplying Air to Main Pipe 
and Winding same on Drum; 8, Clamp. 

Press Opinions. 
“A work of this extremely valuable character deserves to be made widely known amongst 

colliery managers and mining engineers at home and abroad.”—Coal and Iron. 
“This book is, in a manner, unique. The literature of mining accidents is fairly extensive, 

but it consists largely of departmental Blue Books.”—Sheffield Daily Telegraph. 
“A concise and lucid description of the principal methods pursued, especially in fiery 

mines, and of the various appliances employed, such as respiratory and rescue apparatus, 
dams, etc.”—Staffs Advertiser. 

“The prevention of spontaneous combustion in collieries and the extinction of underground 
fires are duties that fall heavily on many colliery managers. They should, therefore, welcome 
this translation of Mr. Lamprecht’s German treatise.”—Jvonmonger. 

“The book under notice supplies the needed full description, drawings, and mode of using 
these new appliances in actual fires, and should be studied by every colliery manager, seeing 
that even our best managed collieries have not been free from fires, more or less disastrous 
to life and property.—Colliery Manager. 
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THE PREVENTION OF SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. PopPLEWELL, M.Sc., 
A.M. Inst., C.E., Consulting Engineer. 46 Illustrations. 190 pp. 

1901. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 

Contents. 
Introductory.—Chapters I., Fuel and Combustion.—II., Hand Firing in Boiler Furnaces.— 

III., Stoking by Mechanical Means.—IV., Powdered Fuel.—V., Gaseous Fuel.—VI., Efficiency 
and Smoke Tests of Boilers.——VII., Some Standard Smoke Trials.—VIII., The Legal Aspect 
. Pat Smoke Question.—_IX., The Best Means to be adopted for the Prevention of Smoke.— 
ndex. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By ALBERT PitscH. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d.; India and 

Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 
Generators—Generators Employing Steam—Stirring and Feed Regulating Appliances— 

Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces— 
Metallurgical Furnaces—Pottery Furnace—Coal Dust Firing.—Index. 

Press Opinions. 
“The work is worthy of perusal by all consumers of fuel. It is exceedingly well printed 

and illustrated.”—Chemical Trade Journal. 
“The book will appeal with force to the manufacturer as well as to the technical student, 

whilst it is also of far more than average interest to the general reader.”—Halifax Guardian. 
“The importance that gas and coal dust firing have attained of recent years, and especially 

the great interest attaching of late to the question of coal dust firing, makes the appearance 
of the present volume most opportune.”—Ivon and Coal Trades Review. 

“The German author has long followed the development of various systems of gas firing, 
and in the present treatise he discusses the merits of appliances patented since 1885. His text 
and the numerous illustrations indispensable to it will be found useful by all who are engaged 
in practical work in the same field.”— North British Daily Mail. 

Books on Plumbing, Decorating, 
Metal Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By JoHn W. Hart, R.P.C. 180 Illustrations. 270 
pp. Demy 8vo. 1896. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 

Contents. 
Chapters I., Cast Sheet Lead.—II., Milled Sheet Lead.—III., Root Cesspools.—IV., Socket 

Pipes.—V., Drips.—VI., Gutters.—VII., Gutters (continued).—VIII., Breaks.—IX., Circular 
Breaks.—X., Flats.—XI., Flats (continued).—XII., Rolls on Flats.—XIII., Roll Ends.—XIV., 
Roll Intersections.—XV., Seam Rolls.—XVI., Seam Rolls (continued).—XVII., Tack Fixings. 
—XVIIIL., Step Flashings.—XIX., Step Flashings (continued).—XX., Secret Gutters.—XXL., 
Soakers.—XXII., Hip and Valley Soakers.—XXIII., Dormer Windows.—XXIV., Dormer 
Windows (continued)—XXV., Dormer Tops.—XXVL., Internal Dormers.—XXVII., Skylights. 
—XXVIII., Hips and Ridging—XXIX., Hips and Ridging (continued).—XXX., Fixings for 
Hips and Ridging —XXXI., Ornamental Ridging —XXXII., Ornamental Curb Rolls.—XXXIIL., 
Curb Rolls.—XXXIV., Cornices.—XXXV., Towers and Finials—XXXVI., Towers and Finials 
(continued).—_XXXVII.,Towers and Finials (continued) —XXXVIII., Domes.—XXXIX., Domes 
(continued).—XL., Ornamental Lead Work.—XLI., Rain Water Heads.—XLII., Rain Water 
Heads (continued).—XLIII., Rain Water Heads (continued). 

Press Opinions. 
“ This is an eminently practical and well-illustrated volume on the management of external 

ead work.”—Birmingham Daily Post. 
*It is thoroughly practical, containing many valuable hints, and cannot fail to be of great 

benefit to those who have not had large experience.”—Sanitary Journal. 
“Works on sanitary plumbing are by no means rare, but treatises dealing with external 

plumbing work are sufficiently scarce to ensure for Mr. Hart’s new publication a hearty recep- 
tion.”—The Ivonmonger. 

“With Mr. Hart’s treatise in his hands the young plumber need not be afraid of tackling 
outside work. He would do well to study its pages at leisure, so that he may be ready for it 
when called upon.”—Ironmongery. 
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HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By JoHN W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d.; India and Colonies, 8s. ; 
Other Countries, 8s. 6d.; strictly net. 

Contents. 
Introduction.—Chapters I., Pipe Bending.—II., Pipe Bending (continued).—III., Pipe 

Bending (continued).—IV., Square Pipe Bendings.—V., Half-circular Elbows.—VI., Curved 
Bends on Square Pipe.—VII., Bossed Bends.—VIII., Curved Plinth Bends.—IX., Rain-water 
Shoes on Square Pipe.—X., Curved and Angle Bends.—XI., Square Pipe Fixings.—XII., Joint- 
wiping.—XIII., Substitutes for Wiped Joints.—XIV., Preparing Wiped Joints.—XV., Joint 
Fixings.—XVI., Plumbing Irons.—XVII., Joint Fixings.—XVIII., Use of ‘‘Touch”’ in Solder- 
ing.—XIX., Underhand Joints.—XX., Blown and Copper Bit Joints.—XXI., Branch Joints.— 
XXII., Branch Joints (continued).—XXIII., Block Joints.—XXIV., Block Joints (continued).— 
XXV., Block Fixings —XXVI., Astragal Joints—Pipe Fixings.—XXVII., Large Branch 
Joints.—XXVIII., Large Underhand Joints.x—XXIX., Solders.—XXX., Autogenous Soldering 
or Lead Burning.—Index. 

Press Opinions. 
‘Rich in useful diagrams as well as in hints.”—Liverpool Mercury. 
“The papers are eminently practical, and go much farther into the mysteries they describe 

than the title ‘Hints’ properly suggests.’”-—Scotsman. 
“ The articles are apparently written by a thoroughly practical man. As a practical guide 

the book will doubtless be of much service.”—Glasgow Herald. 
“So far as the practical hints in this work are concerned, it will be useful to apprentices and 

students in technical schools, as it deals mainly with the most important or difficult branches 
of the plumber’s craft, viz., joint wiping, pipe bending and lead burning. ... ‘Hints’ are the 
most useful things to an apprentice, and there are many in this work which are not to be found 
in some of the text-books.”—English Mechanic. 

“22 PRYME STREET, HULL, 24th November, 1894. 
**Gentlemen,—Your books to hand for which accept my best thanks, also for circulars. I 

myself got one of J. W. Hart’s books on Plumbing from your traveller, and having looked 
through the same I can safely recommend it as being the best book I have seen. Mr. J. W. 
Hart treats exhaustively upon soldering and pipe bending, which are two of the most essential 
branches in the plumbing trade.” 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. 1900. Price 2s.; Abroad, 2s. 6d.; strictly net. 

Contents. 
Chapters I., Cleansing and Dipping; Boiling up and Cleansing; Dipping.—II., Scratch- 

brushing and Burnishing; Polishing; Burnishing.—III., Lacquering; Tools; Lacquers.— 
IV., Bronzing; Black Bronzing; Florentine Red Bronzing ; Green Bronzing.—Index. 

Press Opinions. 
“Mr. Brown is clearly a master of his craft, and has also the immense advantage of being 

able to convey his instructions in a manner at once clear and concise.’”’—Leicester Post. 
“A thoroughly practical little treatise on the subject in all its branches, and one which 

should be in the hands of every tradesman or amateur who has lacquering to do.”’—I7ish Builder. 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W.N.BRown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d.; Abroad, 3s.; strictly net. 

Contents. 
Parts I., Decorating.—IL., Painting.—III., Paper-hanging.—IV., Miscellaneous. 
Arranged in alphabetical order. 

HOUSE DECORATING AND PAINTING. By W. 
NorRMAN Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
1900. Price 3s. 6d.; India and Colonies, 4s.; Other Countries, 4s. 6d. ; 
strictly net. Contents. 

Chapters I., Tools and Appliances.—II., Colours and Their Harmony.—III., Pigments and 
Media.—IV., Pigments and Media.—V., Pigments and Media.—VI., Pigments and Media.— 
VII., Preparation of Work, etc.—VIII., Application of Ordinary Colour.—IX., Graining.— 
X., Graining.—XI., Graining.—XII., Gilding.—XIII., Writing and Lettering. —XIV., Sign 
Painting.—XV., Internal Decoration.—Index. 

Press Opinion. 
“The author is evidently very thoroughly at home in regard to the technical subjects he has 

set himself to elucidate, from the mechanical rather than the artistic point of view, although 
the matter of correctness of taste is by no means ignored. Mr. Brown’s style is directness 
itself, and there is no tyro in the painting trade, however mentally ungifted, who could fail to 
carry away a clearer grasp of the details of the subject after going over the performance.”— 
Building Industries. 
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A HISTORY OF DECORATIVE ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s. 6d.; Abroad, 3s. ; strictly net. 

Contents. 
Chapters I., Primitive and Prenistoric_Art.—II., Egyptian Art.—III., Assyrian Art.—IV., 

The Art of Asia Minor.—V., Etruscan Art.—VI., Greek Art.—VII., Roman Art.—VIII.,. 
Byzantine Art.—IX., Lombard or Romanesque Art.—X., Gothic Art.—XI., Renaissance Art.— 
XII., The Victorian Period.—Index. 

Press Opinion. 
“In the course of a hundred pages with some forty illustrations Mr. Brown gives a very 

interesting and comprehensive survey of the progress and development of decorative art. It 
cannot, of course, be pretended that in the limited space named the subject is treated ex- 
haustively and in full detail, but it is sufficiently complete to satisfy any ordinary reader ; 
indeed, for general purposes, it is, perhaps, more acceptable than a more elaborate treatise.”— 
Midland Counties Herald. 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 
WILLIAM NORMAN BROWN. Price 2s. net. [Ready. 

Contents. 
A Few Words on Enamelling—Appliances and Apparatus—Japans or Enamels—To Test 

Enamel for Lead—Japanning or Enamelling Metals—Japanning Tin, such as Tea Trays, and 
similar Goods—Enamelling Old Work—Enamel for Cast Iron—Enamel for Copper Cooking 
Utensils—The Enamelling Stove—Enamelling Bedsteads, Frames and similar large pieces— 
Paints and Varnishes for Metallic Surfaces—Varnishes for Ironwork—Blacking for Iron— 
Processes for Tin Plating—Galvanising—Metal Polishes—Colours for Polished Brass—A 
Golden Varnish for Metal—Painting on Zinc—Carriage Varnish—Japanese Varnish and its 
Application.—Index. 

‘THE PRINCIPLES OF HOT WATER SUPPLY. By 
JOHN W. Hart, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
8vo. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d. ; 
strictly net. 

Contents. 
Chapters I., Water Circulation.-—Il., The Tank System.—III., Pipes and Joints.—IV., The 

Cylinder System.—V., Boilers for the Cylinder System.—VI., The Cylinder System.—VII., The 
Combined Tank and Cylinder System.—VIII., Combined Independent and Kitchen Boiler.— 
IX., Combined Cylinder and Tank System with Duplicate Boilers.—X., Indirect Heating and 
Boiler Explosions.—XI., Pipe Boilers.—XII., Safety Valves.—XIII., Safety Valves.—XIV., The 
American System.—XV., Heating Water by Steam.—XVI., Steam Kettles and Jets.—XVII., 
Heating Power of Steam.—XVIII., Covering for Hot Water Pipes.—Index. 

Press Opinion. 
“Tf all plumbers were to read this book, and if they followed the instructions given, there 

would, we are sure, be fewer accidents from household boiler explosions, and many lives might 
be saved. No doubt the majority of householders know or care little about the subject, but 
any one who wishes to adopt the most up-to-date system of supplying hot water throughout 
his house will be able to do so if he reads Mr. Hart’s book and follows the instruction given. 
It is a work that all who have charge of domestic water supply should study. It is a practical 
and profitable book.”—Wigan Observer. 

Brewing and Botanical. 
HOPS IN THEIR BOTANICAL, AGRICULTURAL 

AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuet Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
8vo. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 
15s.; strictly net. 

Contents. 
PART I., HISTORY OF THE HOP. 
PART II., THE HOP PLANT.  Introductory.—The Roots.—The Stem and Leaves.— 

Inflorescence and Flower: Inflorescence and Flower of the Male Hop; Inflorescence and 
Flower of the Female Hop.—The Fruit and its Glandular Structure: The Fruit and Seed.— 
Propagation and Selection of the Hop.—Varieties of the Hop: (a) Red Hops; (b) Green Hops; 
(c) Pale Green Hops.—Classification according to the Period of Ripening: 1. Early August 
Hops; 2. Medium Early Hops; 3. Late Hops.—Injuries to Growth: Malformations; Diseases. 
Produced by Conditions of Soil and Climate: 1. Leaves Turning Yellow, 2. Summer or Sun- 
brand, 3. Cones Dropping Off, 4. Honey Dew, 5. Damage from Wind, Hail and Rain ; Vegetable 
Enemies of the Hop: Animal Enemies of the Hop.—Beneficial Insects on Hops. 
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PART III., CULTIVATION. The Requirements of the Hop in Respect of Climate, Soil 
and Situation: Climate; Soil ;- Situation.—Selection of Variety and Cuttings.—Planting a Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year.—Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: I, Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; II. Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Bagging.—Principal and Subsidiary Utilisation of Hops and Hop Gardens.—Life 
of a Hop Garden; Subsequent Cropping.—Cost of Production, Yield and Selling Prices. 

PART IV.—Preservation and Storage.—Physical and Chemical Structure of the Hop Cone. 
—Judging the Value of Hops. 

PART V.—Statistics of Production.—The Hop Trade:Index: 

Press Opinions. 
“ The subject is dealt with fully in every little detail; consequently, even the veriest tyro can 

take away some useful information from its pages.”—Irish Farming World. 
_“ Farmers are but little given to reading; but nowadays brewers have to study their trade 

and keep abreast of its every aspect, and as far as regards our trade, to them this book 
especially appeals, and will be especially useful.”—Licensed Victuallers’ Gazette. 

“ Like an oasis in the desert comes a volume upon the above subject, by the Professor at 
the Higher Agricultural College, Tetschen-Liebwerd, Germany, who has been fortunate 
enough to obtain an excellent translator from the German in the person of Mr. Charles 
Salter. The paucity of works upon the history and cultivation of hops is surprising con- 
sidering the scope it gives for an interesting and useful work.’’—Hereford Times. 

“We can safely say that this book deals more comprehensively and thoroughly with the 
subject of hops than any work previously published in this country. . . . No one interested in 
the hop industry can fail to extract a large amount of information from Professor Gross’s 
pages, which, although primarily intended for Continental readers, yet bear very closely on 
what may be termed the cosmopolitan aspects of the science of hop production.”—South 
Eastern Gazette. 

“This is, in our opinion, the most scholarly and exhaustive treatise on the subject of hops, 
their culture and preservation, etc., that has been published, and to the hop grower especially 
will its information and recommendations prove valuable. Brewers, too, will find the chapter 
devoted to ‘Judging the Value of Hops’ full of useful hints, while the whole scope and tenor of 
the book bear testimony to the studious and careful manner in which its contents have been 
elaborated.”—Rrewers’ Journal, 

“Considering the extent to which this country draws its hop supplies from abroad, this 
translation of Professor Gross’s volume will prove an interesting and instructive addition to 
the library of any brewer or brewers’ chemist, the more so as the work of translation has been 
admirably carried out in simple and vigorous English. . . . The volume is one of a valuable 
series of special technical works for trades and professions the publishers are issuing, and is 
the first so far dealing with the brewing industry.”—Burton Mail. 
“A work upon the above subject must be welcomed if for no other reason than the dearth 

of books dealing with so interesting a theme, but fortunately apart from this the book will 
afford excellent reading to all interested in hops and their culture. Professor Gross takes one 
over the whole field, by commencing with the earliest history of the plant—so far back as the 
days of ancient Greece—and from both practical, theoretical and scientific standpoints, deals 
with the cultivation, classification and formation of the hop. ... In speaking of the produc- 
tion of new varieties sound information is given, and should be of value to those who are 
always in search of improvements.”—Hereford Journal. 

“This work is, without doubt, the most thorough and extensive compilation on hops ever 
yet offered to the public, and for this reason should be warmly welcomed and appreciated by 
men interested in the subject. Although primarily written for those engaged in the industry 
abroad, and mainly Continental in theory and practice, it nevertheless appeals to those con- 
nected with the hop growing and brewing business in England, not only by way of a com- 
parison, but also as an instruction. The volume is at once practical and scientific, is well 
got up, and teems with illustrations and statistics. In a word, it is a book that should find 
its way into the hands of all who are occupied in hop production and distribution at home; 
and it also contains valuable information and suggestions for the brewers themselves.”— 
Brewers’ Guardian. 

Public Libraries. 
BRITISH LIBRARY YEAR BOOK, 1900-1901. A Record 

of Library Progress and Work. 54 Illustrations. Crown 8vo, 345 pp. 
1900. Edited by THomas GREENWOOD. Price 3s.;.abroad, 3s. 6d. ; 
strictly net. 

‘ : Contents. : 
Notes for Library Committees. Contributed Articles: The Library Rate. Some Points in 

Library Planning—Mr. Burgoyne. Library Classification—Mr. Jast. Developments in Lib- 
pat Cataloguing—Mr. Quinn. Children and Public Libraries——Mr. Ballinger. Fire Prevention 
and Insurance—Mr. Davis. The Educational Work of the Library Association—Mr. Roberts. 
The Library Assistants’ Association—Mr. Chambers. British Municipal Libraries established 
under the various Public Libraries or Special Acts, and those supported out of Municipal Funds 



36 

giving particulars of Establishment, Organisation, Staff, Methods and Librarians. Table 
showing the Rate, Income, Work and Hours of the Rate-supported Libraries. Statistical 
Abstracts. British non-Municipal Libraries, Endowed, Collegiate, Proprietary and others, 
showing date of Establishment, number of Volumes, Particulars of Administration, and Lib- 
rarians. Library Associations and Kindred Societies. 

- : Press Opinions. 
“This is a handbook which tells the reader everything about public libraries, great and 

small, in the United Kingdom. . . . The book is decidedly one of the best arranged volumes ever 
published, and there is no doubt that the editor has been at great pains to obtain the latest 
and most accurate information from all places. County, district and parish councils, 
ministers of religion, and schoolmasters everywhere should make themselves acquainted with 
its contents. Its perusal cannot fail to serve the ends of the library movement. The illustra- 
tions, of which there is a large number, are very good.”— Western (Cardiff) Mail. 

WORKS IN PREPARATION. 

PRINCIPLES OF SIDEROLOGY (The Science of Iron). 
Translated from the German of HANNS FREIHERR V. ZUPTNER. 

STAINED GLASS (Ancient and Modern) and FRET LEAD 
GLAZING. By E. R. SuFFLine. 

TREATISE ON CLOTH FINISHING. By Rosert 
BEAUMONT, of Yorkshire College, Leeds. 

INDIA-RUBBER; GUTTA PERCHA. 

EVAPORATION, CONDENSATION AND COOLING. 
Calculations of Dimensions of Apparatus. By E. HavusBRAND. 
Tables. For Chemists, Chemical and Mechanical Engineers. 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES. Spinning, Washing, Bleaching, Dyeing, Printing 
and Finishing. By Dr. G. von GEORGIEVICS. ‘(In the Press. 

WEAVING MACHINERY. Three Vols. By Harry Nisset. 
COLOUR TERMS: THEIR PROPER USE AND 

MEANING. By Davin Paterson. 

LEAD AND ITS COMPOUNDS. By Tuos. Lampert. 

COTTON COMBERS AND THE COMBING PROCESS. 
By THos. THORNLEY. [In the Press. 

TIMBER. Its Physical and Chemical Properties, Description, 
Distribution throughout the World, Forests, Preservation of Timber, 
and Applications. From the French of Paul Charpentier. 179 Illus- 
trations. About 500 pp. 

USE OF WATER IN THE INDUSTRIAL ARTS. Com- 
position—Influences—Residual Water—Purification—Analysis. From 
the French of H. de la Coux. 135 Illustrations. About 500 pp. 

DYERS’ MATERIALS: An Introduction to the Examination, 
Evaluation and Application of the Most Important Substances Used 
in Dyeing, Printing, Bleaching and Finishing. By PAuL HEERMANN, 
Ph.D. Translated by ARTHUR C. WricHuTt, M.A. (Oxon.), B.Sc. 
(Lond.). [In the Press. 

HANDY CUIDES TO THE CHOICE OF BOOKS. 
Vol. I. PROSE FICTION. 
Vol. Il. TECHNICAL, TRADE AND COMMERCIAL 

BOOKS. 
Others to follow. [In Preparation. 

The Publishers will advise when any of the above books are 
ready to firms sending their addresses. 
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